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Reference to commercial products, trade names, 6r

™~ N v . R A ‘
N manufacturers is for_,purposes of example and illustration. »
N 'Sucp reference do not constitute endorsement by the ? , E
Office of Qater Program Dpe;;tions, U. S. Environmental . ‘
\ Protection Agency. T | ~ ‘
P ' ) ' : : .,
COPYRIGHT INFORMATION . o
_The contents of this manual may be gopied freely, in ’ )
“ whole or in part, without violation of cobyr%ght laws
’ ﬁrovided that: when copies are made, any reference to ;////;//////’
the U. S. Government Printing Office is deleted.® fod ' - s
’ .. may find a Printing Office code numbér on thgwlgst—edd:/ﬁ//j/ q
. . numbered page of the manual. This should be deleted ) — .
. before copying. \ _-4~; ‘ o | ) ‘
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Preface

’ £ ' ¢
Introduct1on ) ) \ ' ki

-

This is one of several ‘courses offered by the Nat1ona1 Training-and Operationa]
Technology Center (NTOTC which have been prepared in packaged form for use by
the States inatheir t ing programs, and by ot organizations having a

need to present this type of tra1n1ng. Each course package consists of: NS

1. An instructor' s guide containing material related to courSe p]ann1ng and
. conduct.
2. . a training manual for use by the part1c1pants, conta1n1ng the courﬁe
subject matter, and . .
' 3. supportive visual and audiovisual.training aids used by NTOTC in present1ng
the course. These are available on loan to those offerIng the'course The
‘>, content of each slide is reproduded in this manual.

It is intended. to assist the organization offering ‘the training, and shogld
not be considered as an inflexible method of presenting the course, - Some *
may want_to follow the format exactly ad presented-~others may not. In either
case, this guide should prove he]pfu] in reducing the amount of originial X
developmental work required, and-in suggesting, methods and approaches when

’ ¢od1f1cat1ons of the course plan-presented herein are be1ng considered.

* This guide reflects the manner in‘which the course has been offered Sy NTOTC. \\

Organization of the Guide ] \

This instructor's guide consists of two major parts. Part I contains informa-
tion required for course planning and management. Part II consists of a series
of Instructional Package Worksheets (IPW' ? which set forth learning obJect1ves
and the instructional approach used by NTOTC for each top1c 1nc1udeg in the

training manual. F—Re”////,,/ ‘ .
Analytical Methodo]Bgy fo qulatory Programs ' ‘ v i:

'I;:::iessential that ana]yt1ca] procedures taught in the coqrse conform to)those :
prescribed for use in-USEPA regulatory programs. These procedures are’ idehtified .J

in regulations which appear first in the Federal Register,.and which are dater
codified in Title 40 of the annual edition of the Code .of Federal Regulations. »

For the National Pollutant Discharge Elimination System (NPDES), Part'136 of ':J
Title 40, "Guidelines Establishing Test Procedures for the Analysis of Poilutants",
J/(//,/~\_j?ecif1es methods to be used for the measurement of contaminants - 1n wastewater

For drinking water, Part .141 of Title 40, "National Inter1m Primary Dr1hk1ng Water X
" Regulations" (NIPDNR), specifies methods to be used in determ1ning the 1eve1 -
of contaminants in finished water. 7 :

-
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The Instructional Package Worksheet on Compliance Monitoring in Pawt II of this

. guide provides deta115\§:fcerning EPA, regulations for these prograns.

For,additional information concerning this course, or o packag~d courses,

contact:- . )
Director, NTOTC - ‘
. U. S. Environmental Protection Agency \ -
Cincinnati, Ohio 45268 o .
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PART I COURSE PLANN NG AND MANAGEMENT

This section of the'manual is concerned with the administrative aspects of
planning, preparing, and conducing the course.
. \ :‘

—

COURSE DESCRIPTION .

This description was prepared for. course presentation at the NTOTC and
may be useful to others in course-related publicity. ‘

LN

- . ~

) \ . ' D
_ BACTERIOLOGICAL METHODS IN WATER QUALITY CONTROL PROGRAMS

-

’ 5 days .
M /
, e » A
This course is for laboratory personnel who can perform‘basih bacteriological
laboratory procedures such as sample inoculations, transfers, weighings and

~-related skills.. = . °

' <After successfully completing the course, the student will have increased

" knowledge of all aspects of sampling, analysis and data handling for bactério-
logigal ;samples” as required by Federal Register Guidelines for effluent
monitoring and other water quality programs. ' ' f ~

The training incorporates classroom instruction and activity sessions, student
performance of laboratory assignments and follow-up discussions. '

LCourse topics include characteristics, occurrence, and significance of bacterial
indicators’ of pollution; criteria’and standards_of bacteriological water quality;
" sampling programs; collection and handling of samples; standard laboratory test
« procedures for total and fecal coliforms and fecal streptococci, by membrane
filter methods and by multiple di]ution tube methods; calculating, summarizing
. and reporting laboratory data; and ‘analytical quality control procedures. ‘

/




B. PERSONNEL _ S ‘ ~

The remaining sections in Part I of this manual indicate the personnel
associated with this training course when it is presented at the National
Training and Operational Technology Center (NTOTC). Their course-related
activities are listed below.

1
.1. Training Supervisor - ) ) C
— Has overall responsibility for the NTOTC training program. .t
\}2%1 Training Coordinator - . LT -
Is responsible for all elements involved jn planning and conducting a
specific course. K PR '
« 3. Course Secretary - - ‘ (;:
oo Performs all course-related clerical duties. ¢
’ ( - . -
4. —Instructor - ' ‘
For assigned topics, is responsible for planning instructional approach,
_ developing instructional materials,.and delivering the instruction.,
’ During laboratory sessions@another instructor may be designated to
‘ assist the -(primary) instructor so that participants can be provided
as much individualized attention as possible. * .
¢ ~“;;'. 5. Laboratory Assistant = ' e
Assists in the prepartion of laboratory reagents; assembles equipment;
~~ is available as required during laboratory exercises.
/f“_
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o 3 4
/
R _— . .
} ~
I t
- * e T "7'*— — - - ot ‘7”7‘
[t}
_ .
]
. — : ) ,
- ‘ . '10 ) /
— E—— DY




Y

-

SUMMARY PLAN FQR THE COURSE AND COURSE SCHEDULE
A convenient format to use in the early stdges of devising-a course plan
bTocks: based on estimates by instructors
(An example is on the

C.
is a day-to-day ‘assignment of ti
of the training time required foRr each parameter.
Using available t1me as-a first criterion will,allow a
* One such sequence, which has been success-
course in the past, begins on pager2-3.

next page.)
y of possible sequences.
used by NTOTC to.conduot this

ful
topic between the ‘two tests to allpw time for the requ1red clean-up.

.
Schedule the topics so each instfuctor. a]ternates between pr1me and
Tow time for preparations wh1ch must

2.
assistant responsibilities to
be done right before training ses8ions.
If one procedure requires sk1lls taught in another procedure, order

3.
the presentat1ons accordingly.
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Examples of other considerations(are:
If some equipment must be used in\more than one test schedu]e another
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SUMMARY PLAN FOR THE COURSE .

FRIDAY

MONDAY TUESDAY, |- WEDNESDAY THURSDAY
: Time , Time . Time © | Time Time
Activity Hours Activity Hours Activity Hours Activity Hours Activity ' Hours
Registration 1/4 |Membrane Filter | 3/4 lUse of Tables of 7| 3/4 Co]]ecfidh & 3/4 |Discussion & '1/2
Weltome & Course | 1/4 |MF Equip. & Its 3/4 MPN Handling of Bact. Review .
Objectives " |Prep. for Lab Use Verified MF Tests| 12 {Samples ‘ Quiz 11/4
: - . : 3 |Intro.to Statis- | 2 |,.
Compliance Meth. | 1 Exam o: Water |1 1/4|Bact. Lab: Equip-| 1 t?cgoé geom:tric Lab Completion 1/2
Chlorine Deter. . |1 1/4[for. Colifrom & ment, Material, M
and Turbidity Fecal Streptococ- & Supplies o eans Course Closing 1/2
- Y cal Groups (MPN) ' . - .
Bacteriological ~ |. 1 S
|Indicators of WQ | | = < ‘
Lunch ' 1 |Lunch 1. |Luneh "l 1 |Lanch 3 :
Lab Briefiqg 3/4 Media & Solutions| 1 |Colony Counting | 1/2 |Lab Briefing 1 38 |
}?PNbProceddgeé .1 1/4 for-M:N Methods. on MF Filters JMPN Proc. (lab) |1/4 |
laboratory Principles of { 3/8 |Select. of MF 172
R Cultural Media’ sample Filt. Vol. Verfication.(1ab) | 1/4
- MF Media Prep. 1 for use with MF - +n IMF P (1ab) 2 3/4
_|(1aboratary) . 3 Lab Briefing 1/2 roc. tla /
¥ Verification | 1/2 Lab Briefing /4 {MPN Proc. (1ab) | 1/4 ) ‘
(1aboratory) PN Proc..(lab) * | 1/2.|MF. Proc. (1ab)- [173/41
F Proc. (lab) 1/2 ] |MF Veﬁij}eation 1/4 z
F Ver. (1ab)- . 1/4/ (1ab)
TOTAL 18 1/4 -TOT”A_{.' ' |7 1f2|roTAL 7 [TOTAL" 7 3/4 | TOTAL 2 3/4
" ’ \
- o ‘ e . .
L () %
. “~ D] / TN - -
. 12 0, |
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4. ‘sample Course Schedule - - . c _ - .
‘ BACTERIUibGICAL METHbDS‘IN,NATER QUALITY TONTROL PROGBAMS (126.4)

Laboratory

‘ (Location) o
b (Date) ;
* AGENDA L . . )
._Course Coordinator: L;;Qratorx;Assistantz (//A
DAY & TIME ~ - SUBJEGT OUTLINE FINSTRUCfOR:\\
- P A ; ‘
Monday . & e \ j
8:30 - 9:00 Welcome, Course Registration Course Coordinator *
- . and Objectives ~ - Course Secretary
9:00 -*10:00 ’ Compl}éﬁce Methodology 1 Bacteriologist #1
10:00 - 11:15 Chlorine Determinations . " Bacteriologist #2
and Turbidity 16 .
—
11:15 - 12:15° Bacteriological Indicators 2 Bacteriologist #1
. of Water Quality _ ‘ .
12:15 - 1:15 Lunch i
1:15 - 4:45 Laboratory Briefing and. , Staff . ] -
. Laboratory ‘ ..
Tuesday ' L o ' ' )
8:30 - 9:15 < The Membrane Filter 6 . Bacteriplogist #1
9:15 - 10:00—— MF Equip and its Prepara- 7 , Bacterio]og&st‘ié
tion for Laboratory Use '
10:15 - 10:15 Break S :
10:15 - 11:30 Examination of Water for 3 Bacteriologist #1
. Coliform & Fecal Streptococcal '
Groups (MPN)
11:30 - 12:30 Lunch R
12:30 - 1:20 " Media & .Solutions for d .Bacteriologist #2 )
. ‘ MPN Methods ‘ “
. .t W - £
1:30 - 2:15 °° MF - Principles of ¢ 9 Bacteriologist #1. .
‘ Culture Media . 4 :
2:30 - 4:30 quoratory Brief1ng and ’ Staff

*For the actual course presentation,,insert the name of the primary instructor

opposite the t1t1e-of h1s/her assignment.

Assistant 1nstructors are“designated (.

?

-
A ] 4
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DAY & TIME

SUBJECT -

 QUTLINE

»

Ngdngsdgz

10:05 - 10:20
10:20.- 11:30

11:30 - 12:30

12:30 1:10

1:20 - 1:50

2:00 - 4:45

Thursday-
8:30,~ 9:15

13

9:25 - T1:20.

11:30 - 12:30
12:30 - 4:30

Frida
18130 - 9:00

?

* 10:15 - 10:50-

e
Al

9:25 - 11:20 |

11:00 - 11:30

. Quiz & Review - )

-Break

‘Equipmerit, Materials &-

Supp]ies ?

“Lunch

-
o

‘Bacteriological Laboratory:

“Colony Counting :on Membrane

Filters

ISelection of MF “Sample

-Filtration Volumes.

-Laboratory Brie%%nd &

&

-Laboratory
. k4

-
- -

zCollecting and Hénd]ing of*

o

"Introduction to Statistics
» ~ _& Geometrical Means

,:Lunch "

N

Laboratory Briefing &

Laboratory Studigs
- »

- .Discussion & Review-

Serrge

iLabc;rafory-Exercjse Comp]etioﬁ

'Course Closing

-

.Bacteriological Samples

-12

10

14

<Staff

. : . INSTRUCTOR*
“8:30 - 9:15 Use of Tables of MPN 5 Bacteriolagist #1
9:25 - 10:05 _ Verified MF Tests 13

° Bacteriologist #2

a

Bacteriologist #1

L]

Bacteriologist #2

Bacteriologist #1

-

I
<,
Y

Staff

_Bacteriologist #2

\

Bacteriologist #1

Staff »

\
l

Staff
Staff

Staff
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D. MILESTONES IN COURSE PLANNING AND PREPARATION . o
o v . - /

The following pages 1ist major areas of course responsibilities in a

chronological order to facilitate orderly and timely accomplishment.

The table also serves as an example for assignment of these responsi- |

bilities to various staff members. It has been successfully use "
. by NTOTC ‘to conduct’ this course in the past.- :

The table headings-are job titles associated with the listed tasks.

A suggested staff is cited, including a laboratory assistant. It is

g recognized, however, that staff is often limited-and on individual

- may serve in several of the defined roles. Having this summary accord-
ing to an ideal situation should facilitate an equitable division of
the-required tasks among fewer persons. ’

N Before .uSing the milestones table, decisions must be made about the

course content. It-may be desirable to teach the approved test pro-

for parameters that are not included in this package, but that are

required locally to meet regulatory. requirements. In that case, the

table must be changed. Delete items identified.f??/topics you omit

-

and the items needed for the topics you want to add.

ot
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* 5 T0 6 MONTHS BEFORE counS‘e '

Detennination of the need and
decision to have course.

)

Des1gnat1on of Course Director
and Course Secretary.

Review responsibi]itjes.

Review responsibilities.

Commit classroom and
laboratory facilities.

Develop and release Course
Announcement including loca-
tion, date, general statement
of -course content and training
objectives.

Prepare aill forms and infor-
mation sheets related to-
student registration proce-
dures. )
Decide on étaff members,~

4 T0 5 MONTHS BEFORE COURSE

_ Receive, review, ,act upon
. Course Aﬁp]iﬁztion§, continu~
ing until course begins.

_ Maintain records on deposition
of each application, ‘continu-
ing through course.

‘ Inventory Staff Guides. Order
needs. -




3 MDNTHS BEFORE COURSE .

-
Commit, a1} staff members who
will participate in Course.

Oevelop Mile tone Checklist
for Course.

Distribute copies to staff of
.Mi]estones, i

Student Text \and any other
pertinent tra\ning resoqurces.

a

Review respons

Assign topics to Pr1mary (P)
and Assistant (A) Instructors:
Compliance Methodology
Chlorine & Turbidity
Indicators of Water Qua]ity
Day One Laboratory -
Membrane Filter
" MF Equipment “
" MPN Examinations
MPN Media -
MF Media
Day Two Laboratory
. *~MPN Tables
. Verified Tests
Labbratory Equipment
—_MF Colony Counting
MF Sample Volumes
Day Three Laboratory
" Bacteriologital Samp]es
. Statistics
-.. Day Four. Laboratory
;" ‘Post Course Quiz
Day Five Laboratory
Develop summary plan for course}"

Invgntony 1aboratory equipment/
supplies. List and coimit
. 1ending sources. Order resf.

Inventroy classroom equ pment/
supplies. List and it’

4 lending sources. Order féﬁt
(Continued)




¥ .

Inventory student reference ' | R I R oy
texts. Order needs. g X X LN

.- ) - el
2 MONTHS BEFORE COURSE ' A A A I O R
Finalize Course Schedule - . _ SN T R R
{Agénda). ‘ x| ox ] x{x* % ' .
Request 'l‘aboratory/cléssr‘bom . ] ‘ °
needs from lending sources. X X x| x || X 4
Request training aids from - . B e .
lending sources. ' X[ X X X o ‘
6 WEEKS BEFORE COURSE <~ ¥|” ~ RSP
Check out operation af all " . ‘ . .
major pieces of equipment.: . 1 x| X%

e,

) l y L : . - «

" Primary: and\Assistaﬁ; Instruc L AR »
tors go through laboratory > \ . ’*\T
procedures in student refer- |°. *- © - . .l
ence texts, using IPWHs to R B . J EERE T I Lo o

standardize instructions for | . S IR R B SN

students. - | - . X x |- 1. .

’ - ¢ * . o =

*]_MONTH BEFORE COURSE

-
-
R LS
v
°

F e

Surmary (to date) to staff of| o 1
registered students, continu- :
*. ing tU course beginning. ¢ . X X
Che¢k on progress of staff i
preparations for instruction, . .
i continuing through course. Jx b L x| i . .

¢
‘:0

o Prépare all administrative
forms and materials needed )
for course presentation., 3 X N g

Plan and rehearse classroom . .
presentations using all re- I <y ¢ R .
quired training aids. v ‘ . P K N
Finalize. ~.- T . ’ X X _

(Continued) - . ’ h T R
3-4 - .o ‘ ‘- .. ' , -__" . - "

.- B v pr .
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Obtain any dupiicated Tnstruc-
tional materials (data $heets,
etc.). _ .
Review summary of 1aboratory
equipment and supply needs
for expected .number of stu-
dents doing the selected .
procedures:

Clean all glassware and
equipment required by
students. .

. 4
o
=

.
- - ®

ssemble other student equip-
ent and.supplies.

2 WEEKS' BEFORE COURSE

Arrange for security of class{
room and laboratory.

Make reagénts, media, soluttons,
etc required by students.

Petetmine approximate ranbe
of parameters in samples for
course.

) “Arrange for disposal of
contaminated wastes. ~ +

“




|

»

.

Bl

1

|

\

Givel Ladoratory Assistant
fina) Jist of equipment and "
suppties to be M each labo-
ratory position. Discuss
qgra gement of shared
e 1gment. .

1 wejfax BEFORE COURSE

Inform building food service
of number of expected students

- and course lunch times (as -,
appropriate).

-3 DAYS BEFORE COURSE- 7

) Finalizé séa;j%g arrangemen

for classroom.

-

Assemble course materials\
in classroom (student texts,

- administrative materiaTs,.

2

etc.). Distribute as
appropriate. . .
Ready classroom instructional
aids (boards, ‘erasers; etc.)

Check out all classroom equip-
ment (electrical systems, PA,
projection equipment) and
obtain back-up accessories’
(bU]bSo etC.). ’

COURSE OPENING _

" Conduct opening exercises. |

s
.

"

" Participate in course opening.

-Coﬁgletérah& required student
records, including roster.

(Cont{pue&)

%

&t

~

-
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Prepare course certificates if
needed at end of week. il

( EVERY DAY OF COURSE

.. Maintain general supervision
* of course. .
-+ Prepare materials and/or

‘samples on day of test, *

Obtain samples for each fest
on day of test.

When assistant instructor, . -
make ary student evaluation
records requested by the lead
instructor.

When primary instructor, com-
pile evaluation record for
each student, if required.

-

Keep any general records

,(e.g. attendance) as required
*to document successful course |
completion,

Al

[y -




oo

s . -
. . ' * .

——

e

. ‘ o, e
;  SECOND-LAST DAY OF COURSE

pistributé courée'ckifiqﬁe"
sheet to students.. =~

< LAST DAY OF COURSE -

- .. ChetK and sign course certifi-
' cates if applicable . = | X

°Collect students' critique
sheets. .- , X

i
—

Conduct clpsitig exercises. _ X

“

Participate 4n course éﬁosing. X, . X

Clean up classroom and > .

laboratory. : : X X

WITHIH THO WEEKS OF COURSE. °
~* . PRESENTATION R

- Return or replace any borrow-
ed classroom equipment/
supplies. - ) 4 X X

)

" Return or replace any borrow- | b

.. ed laboratory equipment/
supplies. \

Returnxor replace any borrow-
ed training aids. SR

Order repairs or replacements
of own equipment used in >
course. a8 T x |- x

- . % )
Complete and file evalua- - ' |
tion records on all students, \ .
in predetermined area.>, ., | . X.

i) &y 3 - \

s

See that,all‘siudents,héve N S ,'
been appropriately notified -| 4 |. e
, of their degree of success A

.__in completing the course. |~ | x X

vta&‘;'

[~a

“ .
Pt e




" Participate in staff "session
on evaluation of course and
recommendations for future _
offerings. .

-~

Prepare course summary/
evaluation report.

Complete and file entine
Eourse records in mutually
determined area.

~\_/
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E. -INSTRUCTIONAU RESOURCES

Most training institutions will make the fullest possible use of available
instructional resources. The purpose of this section i$ to describe the
nature, sources and availability of instructional resources suggested for

use wWith this course. ) . “

-1. Student reference text and “Instructor's Guide for the course, -
"Bacteriological Methods in Water Quality Control Programs " Ordering
information may be obtained from

U. S. Environmental Protection Agency
National Training and Operational-Technology Center L
Cincinnati, Ohio 45268 , ’

. - (5l3) 684-750l :

2. Sltides and Slide/Tape Units (See IPN Sections VIII B and XI for a
description)

~

4

a) MWhat is ‘available, according to tegic:
-~ p

’ (1). Chlorine Determinations an Turbidity N\
‘ y (a) X-2l,lchlorine, 36\sl des . :
" (b) X-30, Turbidity, 10 slides
(2) Bacteriolodical Indicators -
" (a) Bacteriological Indicators, 53 slides. : \
(3) Membrane Filter/Equipment/proced:res —- . =* |
: g§‘, p (a) X-41 Membrane Filter, 12 slides
' (b) X-33 MF Colony Counting, 17 slides
S (4) MPN \

(a) Examinat1on of water For Coliform and Fecal Streptococcal
Groups (MPN), 40 slides {

(5) Coliection 4nd Handling and Samples
(a) TCollection and Handling of Bacteriological Samples,

" 14 slides ;
(6) Statistics _ j
— P ‘ i
(a) XT-86 Geometric Means (Parts I, II, III) time of f
_ three tpaes is 35 minutes, with 78 slides, 3 scripts, J
. S . and a handout. , A
. ' i )
- a . ) - - . .
57’170 4) 6a 11.80 ’ . ' _ . 4-1
27 ' '

F'C




A11 unitsvdescribed in 2. above-are available.on scheduled 1oan
from NTOTC to institutions conducting this course. Requests
should contain the information items on the, "Request for Loan"
form at the end of this section. Send requests to the National
Training and Operationa] Technoiogy Center at.the address on

page 4-1.

. It is urged that materiais desired from NTOTC for a specific
course offering be requested in a single, consolidated ﬁ%&
communication. This will give greatest assurance of a well-
coordinated response. Because these requests ordinarily will
cover & number of differentxitems te]ephonic requests shouid
not be made. -

L
b

.Requests should be timely: To assure effective deifvery in

time for use in the courSe, requests.should be received at’

NTOTC at least 45 days prior to the course date. NTOTC will,

in turn, make every effort to -assure that the requested* materials
are delivered to the ‘requesting institution several’ days prior
to the start of the course in ‘which they are to be used. This
will permit review and practice by the inst uctionai staff for
the most effective use of such resources.

It is expected that all borrowed resources be returned to NTOTC
within two weeks after completion of the course in hhich they

are used. . ‘

With returned borrowed training resources;, it is requested that

the user provide NTOTC with an evaluation of the trainihg resourse(s)
used. In this manner, the experience of/users can be a factor in
continuous improvements and responses to problems in using the
resources. A1l reports on the use of sych resources should include .
the number of students with whom the ma eri]a was used

.
I

Supportive Re ferences :

a) "Standard Methods for tggc:xamin' ion of Water and wastewater"

(14th edition), -APHA, A WPCF/ Available from Publication °
Office, American Public 1th Association, Inc., 1015 18th
Stree;, N.W., Nashington, DC 20 36. -

Instructiona] Resources A]ready in Possession of the Training Institution

a) Many training organizations prefer to develop, or have deveioped
their own texts and audiovisua training resources.
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| . REQUEST .FOR LOAN
»  AUDIOVISUAL INSTRUCTIONAL UNIT
Title and Catalog No.': - '
&' i -
F : )8 j
Intended Use s O : — -
% ¢ 2 -‘;:’ - [s) .
Preferred Dete of Use:
Ahernate .Date: ' ) ‘
R k£ (: /
" BORROWER'S NAME .. .
v “ j “ ] ‘} )
Title. - ' Pl )
A |
Organization - : -0
Address _ A 0
. = ’ - o (Zip)
* Phohe Number (include . )
Area Code): , -

To prevent duplication when choosing Audiovlsuﬂ Matoﬂols"“pluu note in tge Topical Index
Msomcunitsareamodinmﬂunommode .

Thiere is no charge for s of the Audiovisual Instructional Units. However, meonﬁéwsm
' mﬁmcblmpommmyforﬁnmadlwmstmctioml materials, .

mmammummmmmmomoo units should be returned within
two weeks. Return the unit by REG/STERED, CERTIFIED or INSURED MAIL IMMEDIATEL Y. after

. ~ ‘ . - L
FILMS MUST BE RETURNED IN 3 DAYS. . :

&

t T

. " R ~
, . - . N - AR
. ~
. . A - -
1) ’ . o ”~
f > '
.
. —
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. F. LABORATORY/EQUEPMENT AND SUPPLY REQUIREMENTS X

o _ . |
The consolidated 1list in this section is for overall planning purposes. ﬁ
‘%t was compiled from the Instructional-Package worksheet.(Ing sections \

part II of this manual), and IX, "IPW Equipment andySupply Requirements" - |

. g "Section 'IX can also be used on a day-to-day basis during the course to ™ ‘

s |

prepare for the laboratory exercises. , o |

If an Instructor,chodses a different assignment for a topic, some quantities
must be changed accordingly. As noted, numbers represent minimum quantities. |
It is strongly recommended that Instructors provide surplus equipment and
additional Suppjies ready for use in case of neéd. Many Instructqrs plan
for a-margin of-at least 10% of extra supplies to provide for student errors,
planning misca}gylations, or other unforeseen events. \

*
| %

-

Before using the list, decisigés mudt be made about the course content. It
may be desirable to teach the approved test procedures\for parameters that
. -are not included in this package, but that are required locally to meet
regulatory requirements. In that case, -the list must be changed. Delete
items identified for topics you omit and add the items needed for the topics
S you omit and adq\Ehe items needed for the, topics you want to add.,

. &
This list can be of great value in pre-course planning; to deteymine the
availability of needed equipment and supplies, and to take action to
provide needed resources. Further, this list can be of vital importance
planning for courses to be conducted in field locations. Copies of °
the 1ist in the hands of the Course Coordinatdh and a-representative ofithe
_host organization can e used to determine which will provide needed re-
urces on an item-by-item basis. When the responsibility is assigned/
accepted, this can be annotated in the "remarks" column on ‘the copy in
the hands of the Course Coordinator and the copy of the representative of
the host_-organization. Each can then use the annotated equipment and
~ supply list as a checklist for carrying out his own agreed - upon respon- * )
. sibiljties in preparing for the course. : ‘

3]

v

-~ +*

\ - |
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S Note; Below are shown the materials and eguipment
required PER STUDENT or laboratory position.
Multiply the number by-the number of s@ents .

. to obtain required supply.

BACTERIOLOGICAL METHODS IN WATER-QUALITY CONTROL PROGR
MATERIAL & EQUIPMENT REQUIREMENTS
. -t . ¢ )

R . [ Note: The symbol "x" means thagupply/e ipment
‘ . : o j{ . is available - such as "matches"“U% "{ncubator"
1 k t - -
NOMENCLATURE . . SUNDAY MONE{AY TUESDAY  WEDNESDAY.  THURSDAY  FRIDAY °
( ‘ - : - : =
(*AD Broth  2X Strength 5 f . ‘ . o
*AD Broth 1X Strength =~ 20 - - ' -
T MLTS 2X Strength .8 | '
< MTS 1X Strength 20 27 . )
_BGLB Broth * ' g 15 L7 i
"EVA Broth ¢ . s ; “12 3
. .3
m-ENDO Broth bottle 100m] ¥ N |
: dehydrated medium ° : . .
- -LES ENDO. Agar - Vial 30m] -1 ) . L a
dehydrated medium. CL o e ' o
EC Broth ." “ 15 9 . :
_Blank.dilution 99ml Sterile . 2 2 . 1 1 1 - ,
__ Rinse Water Sterile’(sufficient _ . 6 - 4 £ 18 '
i amount if in flasks - or the . .
following amounts when 99ml
blanks are used) . ) ‘ . .
" Sticks, Inoculation Sterile « RS ¥ 3 g
' . - l ' o ’ o
Loop, Inoculation - ) - 1 1’ 1 1
Dishes, Petri MF Sterile o 15 s _ 12 99
urner gas ‘ , . ; X 1 C1 1 1 RN

Veedle bacteriologfca'l . ) 1 o ' : - )




.

BACTERIOL’GGICAL METHODS IN HATER QUALITY CONTROL PROGRAMS - . X _‘ .

HATERTAL & EQUIPMENT REQUIRGMENTS “: T Tyt T ‘
, . e — : — -
NOMENCLATURE SUNDAY - MONDAY . . TUESDAY WEDNESDAY THURSDAY ~ ° FRIDAY . —
- MFC medium prepared plates 1 ‘ . ' | c '
e MmmwmmnWMuw3m1wﬂ'\ ° _ 1 o \
‘ Rosolic acid prepared in ] . - ) et : \ ‘ X ‘ - \ h
| 0.2N NaOH — : - ‘ o
“ Incubator, 35 C ) a ‘ x Poox X X — X X "
Incubator, 44.5 C ' - "X X . X | x oy . X )
" Pipet Sterile lom T 3 U T A B -/ -
s Pipet Sterile Iml S 3. 4 3 _ 7 3 5
“ mmmmgmmmvm_ ' S K 1 D ) '
Marker Wax < v A N | 1 5 1 )
KF Agar p'lates prepared | - 6 )
Filter Apparatus MF Ce - I o ) o1 T 1 1
Matches \ o X x| "ox X % ,
Menbrane Filters T R 12 10 .
Discabrd trai/s and racks _ ‘x X -t oo X X ‘ ¢ {
_Aprons ertect;ive o . . a ’ x (use for week) ' '
Sterebscope 10-15X f1 uorescent ‘ : I " X x X . X : L

lighting . , : ; L . ;




BACTERIOLOGIRAL METHODS IN WATER QUALITY CONTROL PRQGRAMS A S . 5-4
HATERIAL & EQUIPHENT REQUIREMENTS , S o | ' :

. . \
¢ ~- i < .
- .

NOMENCLATURE T * SUNDAY MONDAY. . TUESDAY  WEDNESDAY.  THURSDAY  FRIDAY,
- Sample Bottles 250m) size, S -' ' ‘ ‘ - B

Sterile, Thiosulfate not 1 ‘ . 1 1 | 3 .
required~. _ o L . '.

. Bottle Sterile 2-4-1itgrs S 1 S T 1 :
) Cylinc;ec 25m sterﬂe L ',_‘ "L o ' L N ' CL
Cylinder 50m sterile - . L o '-.e . -
L+ Gylinder 100m1 steri]e T T e T e e e 1. . )
s ot D ‘ : . . Lo . .

- . te f

- *Note: Inoculate one rack with selected sample -« -. < - ~ - - T
' this will bé used as instructor test to ..~ | - ) ‘ . 0
demonstrate daily reading, recording and . _ ) . ' ’ . .

3

procedural sequence .

-



PART 11 - INSTRUCTIONAL PACKAGE WORKSHEETS

A

¢ A

The Worksheets are for guidance to the Instructor who develops the
subject matter covered in the course. * These Worksheets are not .
scripts. The Instructor will need to make extensive and detailed
preparation. in: order to perform the assigned tasks effectively and
efficiently. .The Instructional Packages do provide a perspective -
on the background of each analytical procedure, .lesson-by-lesson
" learning achievement levels the students should attain, an indica-
tion of available audiovisual and other instructional resources,
and an example course of action in pre-course preparation and
classroom/laboratory instruction. The-Instructor is.frge to
modify the Worksheets to meet individual needs. It shoGld-be
noted however, that associated additions and deletions will®then
be required in Sections V through XI of the Worksheet, and in
Sections E and F of Part I : 7 h
_Appl¥cation of these;Instructional Packages will help thg Instructor
to-reduce the time required for planning and organizing a-strategy
. of preparation and instruction. However,,time and effort are re-
quired for physical preparations for elassroom and laboratory
instruction; time and effort are required for rehearsals of
Instructor performance in classroom and, laboratory These require- -
ments neverggan, be met by such an Instructor s Guide as this; ultimately
- the Instructor is the key perSon in assuring that the student acquires
the needed knowledge and skiTls. . -




GUIDELINES FOR
INSTRUCTIONAL PACKAGE .WORKSHEET

SUBJECT MATTER: Compliance Methodology

UIIT OF INSTRUCTION: Summary of Topic Presentation

ESTIMATED TIME: 60 minutes

‘JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE Know]edge of this material
allows the participant to be aware of regulatory requirements pertaining to
the National Pollutant Discharge Elimination System (NPOES) and National
Interim Primary Drinking Water Regulations (NIPDWR). A

ENTRY LEVEL BEHAVIOR: L Dy

2

A. :None required~
INSTRUtTIONALjOBJECTIug:

-A.- Terminal Behavior: The participant will be able to use federal registers
and pertinent EPA explanatory memos pertaining to approved analytical
methodology for compTiance with the National Pollutant Discharge Elimina-
tion Syﬁtem (NPDES) National Interim Primary Drinking Vater Regulations
NIPDWR

-

Conditions: He/she will be given the training manual, coples o? the
. information (see VII-A), and a 60 minute exp]anat1on of the1r app11ca-
b1]1ty and format. .

»’
Y

. [ LI
. C. Accepted Performance In attendance to the lecture material covering
subject material.

INSTRUCTIONAL RESOURCES:
A. ,Ayeilable Media:

1. One outlin€ in the training manual:
»_a. Federal Register Gu1delines Establishing Test Procedures for
the Ana]ysis of Po]lutants

2. Handouts N

a. Nat1ona] Pol]utant Discharge E11m1nat1on Syste NPDES
]) Gu1delines Estib]ishing Test Procedures, 40 CFR ]36

Federal Register, 12/1/76, pp. 52780'~ 52786.
A copy is at the end of this IPW, and also an errata
sheet. Changes were proposed 12/18/79, pp. 75028-75052 -
and should be finalized after January, 1981, Check.
with your EPA Regional Quality Assurance Coordinator
to see if the finalized Guidelines have been published.
(Name and number’is avai#lable from EMSL - C 513-684- 7301)
The Coordinator can supp]y;cop1es to you.

33~




- - 2) . Summary of protocoTs to apply for approva] of an aTternative .. -

~

. test procedure for°regulatory pﬁrposes. A copy is at the
end of this .IPW0.

3) EPA - 'EMSL memo on "Use of Chenica] Test, Kits for Comp]iance
Monitoring". A copy is at the“end of this IPW. :

4) EPA - EMSL memo on “Use of "Prepared" Reagents in NPDES
Compliance." A copy is at the end of this IPW.

b. Nationa] Interim Primary Drinking Haten Regu]ations “NiPDNR:

1) NIPDWR, 40 CFR 141, Federal Register, 12/24/75, pp 59566-
59574 A copy is at the end of this IPW.

2) Amendments .to NIPDWR were proposed 7/19/79 40 CFR Part 141,
Federal Register,. 8/27/80, pp 57332 - 57346 Copies of pp.
57343 - 57346 are at ‘the end of this IPW. The pages contain
the current (8/80), approved analytical requirements for
drinking water analysis. These include an update of the -
approved methods presented in the 12/24/75 NIPDWR ‘and also
alternate analytical techniques approved by EPA since that ~
date. Check with your EPA Regional Quality Assurance Coordinate
to get copies of any additional, pertinent Federal Register
notices pub]ished after 8/80. : s

o

B. Suggested Media: . . A 3

OPTIONAL: Copies of the rethods manua]s cited for NPDES and NIPDWR

Gould be available for disp]ay/inspectipn

L
’

. VIII, INSTRUCTIONAL APPROACH: ’ BT , N

.
o

=S

@

. A Preparation for Instruction:

1.

Contact your EPA Regiona] Quality Assurance Coordinator to check ifa
any federal registers pertaining to NPDES or to NIPDWR have been

- issued sinde-the onés referenced in VII A above (8/80). If so;

obtain copies frdm the Coordinator for your class.

Thoroughi review a]l pertinent federal egister infbrmation and
handout ma 1s. . Since the regulations are legally binding, it is
imperative ‘to impgpt -correct and_cUrrent information to the participants.

" Prepare the lesson using the sequencing below or your own organization~

of the materia]s. )

Dup]icate copies of a]] the handout materials Most can be copiéd
back-to-back, but’ be careful to keep each handout as an entity so " ]
partiéfpants can use each ihdependent of the other. *CoTlate the S,

" handouts into a paeket fqr each participant wo minimize distribution
- < time. o o
- B. Seguencing.t -7 . T . - R -
' ‘ S .Hand out the packets of information ' 310 ‘ s . >
ot : . . .

¥
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¥
[
e . -
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Introduction
a.

b.

l . I

1 . * . . o -7- -
. * !
|

#

Choice of methodology affects va11d1ty and re11ab1];ty -of data.

Analytical programs affected by feder a] legislation include
those involving point.source d1scbarges (NPDES), and
drinking water (NIPDWR).

National Po]]utant Discharge Eliminatio System (NPDES) CAUTION:
Use the current federal .register. The NPDES Guidelines are scheduled

a.

b.

Dr1nk1ng Water Regu]at

for.update after January, 1981.
App]icab{dity of the regulations. See?12/1/76, p. 52780, paragraph 2.

Overview, of Table 1 ‘ ' 5 -
’ Y

1) Column 1: Alphabet1ca1 listing of parameters and un1ts Note
subcategor1es _

2) Column 2! method listings and poss1b1y spetification of a pre

treatment and/or method choice, e.g. Acidity end point is to

be pH of 8.2. : .

" 3) Remaining columns list sources (with page numbers) of approyed

methods. You can display copies of the cited manuals at this

. time and leave them to be available for inspecting by participants.

4) Note the location (by number) of the parameters to be taught
during the course. Al$o note the method to be used for tourse
laboratory sessions. . .

/!

5) Note any errata (handout).

o -
Go over highlights of applying for approya] of Alternative Test
Procedures (handout)

o '1) Limited use

2) Nationwide. use L -

.Comp11anc Mon1tor1ng "(handout).

Note hiﬁnl‘ghts of the memo on_ "Use of "Prepared" Reagents in’
NPDES Comp11ance" (handout)

CAUTION .Use current federal reg1sters

The 12/24/75 federal n ster js the current (8/80)-National Interim
Primary Drinking Water Regulation (NIPDNR), along with the Amendments
to NIPDNR which were f1na11zed 8/27/80 .

a.c App11cab1lity of the regu]at1ons See ]2/24/75 p. 59566, "Water

Max1mum contam1nant leve]s and the discussion of samp11ng and ana-
- lytical requ1rments begln on page 59571.
- l - .- ) (
¢ - 7-3
o B G0 . ~

_Systems Covered", and p 59570, “Subpart A - Genera].?

&

v

L)

1
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c. The analytical methodology in the 12/24/75 regulation was updated
and expanded in the 8/27/80 regulation. Therefore, use pp 57343 -
57346 from the 8/27/80 Federal Register jo cite the location of,
- the 1isting of the current approved methods: 141.21 Micro-
. . biological ... Requirements. (There was no change in the reference
, . 7. for the source of chlorine methodology to be used when chlorine
’ risidual -monitoring is substituted for microbiological testing.
G ' The reference in the 12/24/75 NIPDWR, p. 59572, hg, is the curreat
. - (8/80) reference). In 8/27/80, also highlight section 141.28,
i T approved Laboratories and section 141.27, Alternate Analytical \
' : Techniques. - . ' ‘ R
5. A 10 minute discussion period shguld be scheduled later to answer
any questions. '

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: *

A. For each student:

1. Copies of handout materials

X. IPW REAGENT REQUIREMENTS: L : Co

A. None

-

t
’
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* Title 40—Protection of Environment

HAPTER, I—ENVIRONMENTAL.
PROTECTION AGENCY

SUBCHAPTER D—WATER PROGRAMS
" {FRL 630-4)

FART 136—GUIDELINES ESTABLISHING
' "TEST PROCEDURES FOR THE ANALYSIS
OF POLLUT.

Amendment of Regulations

On June 9, 1975, proposed amendments
to the Guidelines Establishing Test Pro-
cedures for the Analysis of Pollutants
(40 CFR-136) were published in the Fep-
ERAL ReGIsTER (40 FR 24535) as required
by section 304(8) of the Federal Water
Pollution Control Act Amendments of
1972 (86 Stat. 8186, et seq., Pub. L. 92-500,
1972 hereinatter referred to as the Act.

Section 303(g) of the Act requires that
the, Administrator shall promulgate
guidelines establishing test procedures
for the analysis of pollutants that shall
include factors which must be provided
in: (1) any certification pursug_xct/lo sec-
tion 401 of the Act, or (2) any pbfmit ap-
plication pursuant to, section 402 of the
Act. Such test procedures are to be used
by _permit applicants to demonstrate that
efiuent discharges meet applicable pol-
lutant discharge limitations and by the
States and other enforcement activities
m routine or random monitoring of ef-
fluents fo verify compliance with pollu-

tion control measures. .

Interested persons weré requested 'to
submit written comments, suggestions, or
objections to the proposed amendments
by September 7, 1975. One hundred and
thirty-five letters were received from
commenters. The following categories of
o tions were represented by the
commenters: Federal agencies accounted
for twenty-four responses; State agen-
cies accounted for twenty-six responses;
local agencies accounted for seventeen
responses; regulated major dischargers
accounted for forty-seven responses;
trade and professional organizations ac-
counted for eight responses; analytical
instrument manufacturers and vendors
accounted for seven responses; and an-
alytical service laboratories accounted
for six responses.

All comments were carefully evaluated
by & technical review committee. Based
uponithe review of comments, the follow-
ing principal changes to the proposed
amendments were made: .

(A) Definitions. Section 136.2 has been
amended to updsate references: Twenty
commenters, representing the entire
spectrum of responding groups pointed
out that the references cited in §§ 136.2
), 138.2(g), and 136.2(h) were out-of~
date; §§ 136.2¢f), 136.2(g), and'136.2(h),

pectively, have been amended to show
the following editions of the standard
references: “14th Edition of Standard
fér the Examination of Water
and Wasté Water;” “1974 EPA Manual

of Metliods for the Analysis of Waterand *

Waste:" and “Part 31, 1975 Annual Book
of ASTM Standards.”

(B) Identification of Test
Both the content and formal of

§1363,

“Table I, List of Approved Test Proce- &t the Environmental Monitoring and obj various obstacles within
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Bures” have been revised in response to
twenty-one comments received from
State and local governments, major m-
‘lated dischargers, professional and e
assoclations, and enalytical laboratories.

‘Table I has been revised by:

(1)*The addition of a fourth column
of references which ificludes procedures
of the United States Geological Survey
which are equivalent to previously ap-
proved methods. .

(2) The eddition of a fifth column of
miscellaneous references to procedures
which are equivalent to previously ap-
proved methods. H

(3) Listing genericaglly related param-
eters alphabetically within four subcate-
gories: bacteria, metals, radiolo and
residue, and by Usting these sul Ty
headings in alphabetic sequence rel-
ative to the remaining parameters.

(4) Deleting the parameter “Algicides”
and by entering the single relevant algi-
cide, “Pentachlorephenol” by its chemi-
cal name. . .

« (C) Clarification of Test Parameters.
The conditions for “analysis of several
parameters have been more specifically
defined as a result of comments received
by the Agency: .

(1) In responsete flve commenters
representing State or local governments,
major dischargers, or_analytical instru-
ment manufacturers, the end-point for
the alkalinity determination+is specifi-

. cally designated as pH 4.5.

(2) Manual digestion and distillation
are still required a{ necessary prelimi-
nary steps for the Kjeldah] nitrogen pro-
cedure. Analysis such distillation
may be by N T. color comparison,
titration, electrode, of automated pheno-
late procedures. - !

(3) In response to eight commenters
representative of Federal and State gov-
ernments, major dischargers, snd anae-
lytical instrument manufacturers, man-
ual distillation at pH 9.5 is now specified
for ammonia measurement. <

(D) New Paramefers and Anglytica?
Procgdures. Forly-four new parameters
have been added to Table 1. In addition
to the designation of analytical proce-
dures fohthese new parameters, the fol-
lowing modifications have been made in
analytical procedures. designated in re-
sponse to comments. : .

(1) The ortho-tolitline procedure was
not approved for the measurement of
residyal chlorine becguse of its poor ac-
curacy and precision, Its approval.had
been requested by seven commenters rep-
resenting major dischargers, State, or
local governments, and analytical instru-
ment manufacturers. Instead, the N.N-
diethyl-p-phenylenediamine (DPD)

method is approved as an interim pro- jiyer

cedure pending more intensive laboratory
testing. It has many:of the advaniages
of the ortho-tolidine-procedure such as
low cost, ease of operation, and also is of
acceptable precision and accuracy.

(2) The Environmental Protection
. Agency cohcurred with the American Dye
i-Manufacturers’ request to approve its

ocedura.m\ procedure for measurement of color, and

copies of the procedure are now available

~
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g\IL?port Laboratory, Cincinnati (EMSL:- .

(3) In response to three rejuests from
Federal, State governments, and dis-
chargers, “hardness,”” may be measured
a8 the sum .of calcium and magnesium
analyzed' by atomic absorption and ex-
“pressed as their carbonates.

(4) The proposal to limit measure-

. ment of fecal coliform bacteria in the
presence of chlorine to only the “Most -
Probable Number” (MPN) procedure has
beenr withdrawn In response to requests
from forty-five commenters including
State pollution control agencies, permit -
holders, analysts, treatment plant op-
erators, and a manyfacturer of -analyt-
ical supplies. The membrane filter (MF)
procedure will continue. to be an ap-
proved technique for routine meas-
urement of feoal colifiorm in the pre-
sence of chlorine. However, the MPN
procedure must be used to resolve con-
troversial situations. The technique
selected by the analyst must be reported
with the data.

(5) A total of fifteen objections, re-
presenting the entire spectrum of com-
menters, addressed the drying tempera-
tures used for measurement of residues.
‘The use of differentstemperatures in dry-
ing of total residue, disso}ved residue and
stispended resid as not allow-
ing direct intercomparability between
these measurements. Because,the intent
of designating the three separate residue
parameters is to méasure separate waste
characteristics (low drying temperatures
to measure volatile substances, high dry-
ing temperatures to measure anhydrous
inorganic substances), the difference in
. drying temperatures for these residue. _
parameters must be preserved. .

(E) Deletion of Measurement Tech-
niques. Some measurement niques -
that had been proposed have been de-
leted in response to objections raised '
during the public comment pepiod.

(1) The proposed infrdred spec-
trophotometric analysis for oil and .
grease has been withdrawn. Eleven com-~ '
menteérs representing Fede: or State
agencles and major disch claimed
that this parameter is deflned by the
mesasurement procedure. Any alteration
in the procedure would change the def-
inition of the parameter. The Environ-

Protection Agency agreed.

(2) The proposed separate parameter
for sulfide at concentrations ow 1
mg/l, has been withdrawn. Methylene
blue spectrophotometry is now included
in Table I as an approved procedupe for

sulfide analysis. K The’titrimetric Jodine
procedure for suifide analysis only
be used for analysfs of sulfideat cbncen-
trations in excess of one per .

(F) Sample Preservation an¥ Holding
. r sample preservation
and sample hol times were requested
‘by several commpnters. The reference for
sample pr tion and holding time
criteria applicable to the Table I param-
eters is given in/footnote (1) of Table I.
(@) Alternate Test Procedures. Com- *
ments g to § 1364, Application
for Alternate/Test Procedures, included

2
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these procedures for expeditious ap-
proval of alternate test procedures. Four
analytical instrument . manufacturers
commented that by limiting of applica-
tion for review and/or approval of alter-
nate test procedures to NPDES permit
holders, § 1364 became an impediment to
the -commercial development of ‘new or
improved measurement devices based on
new measurement principles. Applica-
tions for such review and/or approval
will now be accepted from any person.
The intent of the alternate test pro-
cedure is.to allow the use of measure-
ment systéms which are known to be
equivalent: to the approved test proce-
dures in waste water discharges.
Applications for approval of alternate
test procedures applicable to specific dis-
charges will continue to-be made only by
NPDZS permit holders, and approval of
such applications will be made on &
case-by-case basis by the Reglonal Ad-
ministrator in whose Region the dis-
charge Is made, .
Applications for approval of alternate
test procedures-which are intended for
natjonwide use can now be submitted by
any person directly to the Director of the
Environmental Monitoring and Support
Labo=atory in Cincinnati. Such applica-
tions should include a complete methods
write-up, any literature references, com-
parability data between the proposed al-
ternate test procedure and those already
apbroved by the Administrator. The ap-
plication should include precision and
acciiracy data of the proposed alternate,
test procedure and data confirming the
general applicability of the test proce-
dure to.the Industrial categories of waste
water for which it is intended. The Di-
rector of the Environmental Mon{toring
and Support Laboratory, after review of
submitted information, will recommend
approval or rejection of the application
to the Administrator, or he will return
the application to the applicant for more
inférmation. Approval or rejection of ap-
plications for test procedures intended
for, nationwide use will be made by the
Administrator, after considering the rec-
ommendation made by the Director of
the Environmental Monitoring.and Sup-

port ‘Laboratory, Cincinnat{. 8ince the -

Agency considers these procedures for
approval of alternate test procedures for
natjonwide use to be interim procedures,
we will welcome suggestions for criteris
for-approval of alternate test procedures
for nationwide use. Interested persons
should submit their written comments in
triplicate on or before June '1, 1977 to:
Dr. Robert B. Medz, Environmental Pro-
tection Technologist, Monitoring Quality
. Assurance Standardization, Office of
Monitorifig and Technical Support (RD-
680), Environmental Protection Agency,
Washington, D.C. 20460. -
(H) Freedom of Injormation. A copy
of sl publi¢ comments, an analysis by
parameter of those comments, and docu-
ments providing further informationon
the rationale for the changes made in
the’ final regulation are avaflable for
Jnspection and copying at the Environ-
mental Protection Agency Public Infor-
mation Reference Unit, Room 2922,

RULES AND REGULATIONS -

s
Waterside Mall, 401 M Street, SW.,
‘Washington, D.C. 20460, during nornial
business hours, The EPA information
regulation 40 CFR 2 provides that a rea-
sonable fee may- be charged for copying
such documents. -

Eftective date: These amendments be-
come effective on April 1, 19717, ;
Dated: November 19, 1976.

Joun Quances,

Acting Administrator,
Entironmental Protection Agency.

Chapter I, Subchapter D, of Title 40,
Code of Federal Regulations is amerided

as follows:

1. In § 136.2, paragraphs’d), (g), and
<h) are amended to read as follows:

§136.2 Definitions 3

a

L ] L

(1) “Standard Methods” means Stand-
ard Methods for the Examination of
Water and Waste Water, 14th Edition,
1976. This publication is available frogl
the American Public Health Association,
1015 18th Street, N.W., Washington, D.C.
20036. :

(g) “ABTM” means Annual Book of
Standards, Part 31, Water, 1975, This
publication is available from the Ameri~-
can Society for Testing and Materials,
1916 Race Street, Philadelphia, Pennsyl-
vania 19103. ,

«h) “EPA Methods” means Methods

, 52781

4 » -

Nstional Environmental fcesearch Cen-

.~ ter, Cincinnati, Ohio 45268;- U.8. Envi-

ronmental Protection Agency. Office of .
Technology Transfer, Industrial Envi= .
ronmental Research Laboratory, Cinein-
natl, Ohio 45268. This publication: is
available from the Office of Technology

« Transter. '
*

2. In 51!136.3. the second sentence of
paragrapl (b) is amended, and a new
faragraph (c) is added to read as fol-

slows: . .

.§136.3 ldenliﬁrn!lon of test_procedures,

LN [} o

(b) * * * Under such circumstances,
additional test procedures for analysis
of pollutants may be specified by the
Regional Administrator or the Director
upon the recommendation of the Direc-
tor of the Environmental Monitoring and
8Support Laboratory, Cincinnati. -

(¢) Under certain circumstances, the
Administrator may approve, upon rec-
ommendation by, the Director, Environ-
mental Monitoring and Support Labora- .
tory, Cincinnatl, additional alternate test
procedures for nationwide use.

3. Table Iof § 136.3 is revised by lsting
the parameters alphabetically; by adding
44 n arameters; by adding a fourth
colum references listing equiva-
lent "United States Geological Survey
methods; by adding & fifth column under—
references listing miscellaneous equiva-
lent methods; by deleting footnotef 1

jor Chemiecal Analysis-of Water and,_ through 7 and adding 24 new footnotes.
Waste, 1974. Methods Development and ‘o read gs follows:

Quality Assumnc_e Research Lahoratosy,

.

Tamx L—List of approved test 'proce(arcc‘

AY

.‘ ?

. v

Parsmetsr and unjts A~ Method

-

-{ulereneu
Poge nos.) Other

approved
usas mtthoS:
methods 9 -

I
1974 « Hihed,
« EPA slan
Y methods methods Pt. 31
. 1978

wfit-
5

1. Acidity, ss CaCO?,
ez per Mer,

2, Alkalinity, s CaCO?, milli-
grams per Mter.

Electromatsic
of 32) or

thaleln end
(enly 1o pH 4.5
dtdm&ad.u)'
Jont automated
Manupa) distllation
9.5) followsd by

3. Amnionis (as N), milligrams
per liter. ch
\nda Automs

solate. |

BACTERIA

mdpbe nt
no; ’
point,

point 1 () 116 40 1(007)

titration

3
manus! [ .

8 m

atpH .. . ...

phe-

4 Co,mo:l:‘ (fecal)$, number per  MPN; ¢ membrane filter,

5. Coltform (fecal) § n presence . . .do.00..
of chlorine, number per 100 .

ml,
6. Coliform (total),d numberper .. .do.b..........

1
7. Colants (total)s in presence MPN;¢ membrane filter ..
peg 100

gl chlorine, number with enrichment.

3t

9. Benzidine, milligrams per liter_ Ox!

10. Biochemiocal omﬁ:‘nﬁ. Winkler (Azide

triet...._.
modifies- ...

per  tion) er electrode mathod. ...
11. Bromnide, milligrame .. Titrimetrie, Jodine-lodate. . .
12. Chm&m m Dichre *

ox
(CQOD), mi} peeliter. -
13. Chloride, milligrams per liter__ Bilvet nltm:;‘

]

m ferricyanid
Soe (oinotes ut end of table, )

s

mets reflux...........

maerenric
or sutomated eplori- .

‘I
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- . Rekronces
-
Parsmelee and units Method - s Y LR U8GE ‘%
) o : Methods 1978 motheds ®
o ASTM
14, Chlorinated, otganle ocom- (ias chrouutuamphv | © veevecssevecn ae dieeensennsannsnsannn
pounds um peaticides), B
15. (,hlaim——toulreddm\ nllii- lodomamcmrsuoﬁ
granis por liter, metric or surefn-l
ond-polnt: DPD colotl- ...
, . melric. or med.
A. N i wethods (these last 2

are

intetlm umhod- Poudln(
Ahorslor; wllm .

16._Color, platiniim coball units  Colorimetrie; spectrophoto-

or domliaut wave leugth, nuulc- or. ADM pro-

miusnce, purity. cedure
.- : (‘y.n[(a‘. wm,u mlmmms l)uulhtl(m_tollouul by
. s et nitrate tlu;-umn(ot
- el . pyrawlone (or .
L ¥ fmbm? o' ncid)  colorl-
.- 10
r's (!yuudumumblewcmodu telu . R . .
19 nunmdox' : muumm wmkm (mi modifiea T 51 12
. 3 e - V.
( Een, or eleetrods method. 450 ....... . o

tion
2. Pmotldo mluiuumx pecTiter . l)lstllla\lon' followed by . aemes
- . lon electrode; SPADNS;

. ouuwnmlrdcamplexone.

31. Hardness--Total, as ('aC’0;, EDTA - titration: auto-

N willigrans pee ilter. wisted  coloriwmetric; or
. atomic absorption (sum . |
- . of Ca and Mg as thelr
1 . mpeetlva carbonates), .
8 iva {pIl), pH units. Blectrometric measurement .
o ettt s 1 Dl “&:&“‘“.E.ﬁﬂ
K m n. zal
titration, by electrode;
s® mwmswhi!gstwu sute-
< N ated
' ,  MEnALs
° M. Aumlmv—»‘l‘ow,mulhmno Digestion ¥, followed by
' poc liter, n ¥orby .
SRS
' 9%, Alumingm—Dissoived, mill- 048  mioron fiteation ol
. grams per liter. Mnml
2. Antimony~—Tols), milligrains nuwu{ﬁhnu followed by * M ...
pet - atomie a!
%, Antimony—Dissolv miitf- 0.45 mierori i MOl © e i itieemccseeees  mememeceecceceenen
mm;!«_u'ur. *d, . )o od b .hnl:‘:md
. Arsenfo—Tolal, milligrams D Uonlo ed by silver .. . ......
‘pos liter. " fers xlﬂ:. loenrbun:&. [

. Mm:n s
9. Apsealc—IMasolved, mlilll. M.'o micton filtra! L () R
grams per liter. - 1o nosd

. 0. Barlom—Tota), i ol bYy n 152 - .
“ ' o | B&'r‘t'm—i»mmd nlll- 048 mier '
- B 8 \flitration 7 fol- .ol ve  emreememccccenes .
-3 B«yiunnr—'l 'otal, milligrams Dj 15 ... . S
.- .« liter. . — mn O S———
t o u«ylu —~Dissolved, millf. .
: mnu";'.ruw ved, owed .
A method for total becylliam. : _
i N Borou—-'rom milligrame per  Colorimetric (Curcumin).... 13 ”»? Ge wemn
) 2. Roron—Dissolved, milligrams 0.45 micron filtrstlon @ fol- .. ... ....e.oos
per liter. mod%m meth- ‘ :
. g
. . Cadminm—Total, milligrams "D, followed b, 108 s W @ sein»
. Coe i, T a%“oﬂ{y el i an
" % Codmium_Dimoived, Bill- 045 mjert Biioation # - ...
o+ Evams per liter. s‘ ' by relerenced meth-
! ' ! 3. Calolam—Total, mmbmns‘ D%n “l followed by 108 148 " e [ ] .
‘ per liter, atomic sbeorption; o ......... 1 e
‘ B EDTA titrstion, .
0. (‘dalun-—l)hlolnd milll- 0.4 mleron filtration # fol. ... - . H
gTams perliter. ed Ly referenced meth- .
‘ 4. Cheomim VT, milligrame x:dmm'" o0 And stomile ab-' 90, U6 w ..
b . b » T & k.
. Iiter, * tad lorlmotdc) (DI- 192 k{1
) . t. Chrwmium  V1-_Disoive, o.l’s MEAO AREMUOR T 10k —.eneee cemmeeeemmseme < emeimsemgmnm amsemnneee
. -safiligrame peg liter, meth-
A PR odhrehromlnnVl. ;
3 rmmn—mu. mmlcmu m‘cm‘u followed by 108 i: s’g g L )
. per . tomie Mpﬂum yl’ P yep— cecenaremcae
. a. f‘hromlnm-mﬁ:lved, milit- 0.46 micron nlmuon" L RO
grams lowed by refarsnoed matl-
4 R . \ ct pe e, od!ortom d\rmnlnm. , :
: " See footuotes at end of tuble. |
"= B s - . .. R _
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N w3 ; G:'n?) Other
Parameler snd unils Method A M———— m
.motheds Pt.52 USGS
. . 1978 methods ¢
#. Cobaii—Tou, milligrame pee Digetion 1t lolowed by 0 wa
4. Cobali~Dissolved, “milli- 0.5 micron AEAMMOR® fols .. _eee. coffeeccees oo
7 gramms pee liter, lowed by rs meth- - s
6. Copper—Totsl, milligrams D} utlon [ lollov/ed by - RIGUR T ]
per liter, o on Wor by eneeteeduetanaan
colorlmotr ¢ (Neocu- ! B
41, Copper--Dissolved, milll- 0.8 micron Nitration  fob —.ov........ eeeeeeereneannnns U A -
grams per liter. . lowed lg t:|elerencecl meth-
. /] . .
Tolal, milligrmus per DI ullon“ lo“ow‘gd DY cevreeenenn efeeensneennmasannns eeene l‘ .........
s tion,
o, lrurn -Total, milligrams l)l eation it followed DY creeeennennaes eereeebesenerieananies L eeennen
mic bm? tion.1 7
, tullligrams per l)lnulon“ ol-owgtcl' gyy 110 s M 08 (e
on
: ﬁohﬂmotdcra'hemuw- cemmeenan 08 - ...
oived, milligrams 0.45 mieron HILBLION I 10l .eeneeeenencnenencnnnnns e een e eomanen .
¢ od"d lg t:?‘er‘:“wd nietl- .
52 Lead—Tolal, milligrans per Digeatlon ® followed b u us 1 TN
o 'olal, grams per .g.anl o:\ 0 ‘::‘g“b;;’ s o (019)
colotimetric Duhizom). aeresesen

83. Lead—Dlssolved, milligrams
ot liter.

5. :mwdm-'row. - i
grams pec )

' s Mum‘lnm—‘muolud mill-
liter.

58. Manganese ~Total milligrams
per liter.

3.7. Manganese —Dissdived milii-
gTaIng per !lter.

u.lercu:my;'rolal, milligrame
9. ufc"enry-'nmed milll-
Erage per liter.

u. mybd.mm-'rom. mlili-

[ . milll(ums Imd'

* mitligrams

[ 3 Nlekolli—‘-'l‘olal,
or. T omaroncn e
e . ToclmetriodH toxlma{ b
. N’Ickol—-msolved. il 0.46 mkmn mm on # fol- ......... L - .
liter. lowed relerenced
. method for nickel. .
Osnunzn—'l‘oul. milligrame Diuluon“ followed by ceemetecaaecesonita
tor. . _stomle :bmzuon.“
%. Ptlhdlnm—-’l‘om, wllligrams’ Digestion ¥ ed by
mut« atomlc on, 1% .
P uwmtl,mmhnm. Dl.uﬂonh“ uu.o’:l by
. 0!
#7. Potaminm—Tolal, miligrams Digution’s followad b e —
pet litec. b.r }c( avenesavanas
motrlc (Col antﬂu o [ I
fiame photom:
ﬂ. l’oh-lnm—l')l-olud raflli- 0.41 mlmn filteation " fol- /] "
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. Ruthenigm—Total, mill- Digestlon  loliowed by -
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s Tianltm—Dislved, i og n:&cgm filn "33 o R
grams per yn wed meth- :
p ~vd for total titanlum,
“.\uu\dimn—'l‘olul willigrams l)uasum:" followed by 158 0. ........ .
atomle ahsorption l‘orby ce mremmee 200
colordmetrie (iallle
35. thadlnm- Diwolved, milf- 045 micron fiitsution )
grmus per liter, lowed by prlerenced ‘Tuethe
o4 for total vanadium.
8. Zine- Total, milligrams per Digestion®s  followed by o
liter. atormic absorpiion 16 or hy
colorimetric (Dithizone),
8. Alue—!)ksoh--d willigrunus  0.45 mieron tlltration 1. k- .-
per liter low edbyrvlemwd meth-
od for totul 2ine,
9, Nurate &ae N miliieane per Cadindmn neduction; bro-
Jiter, ~ cina sulfate; autoimated
sihinjun or llyllr-.uln- e~
duction.n
0. Nitrate .us N | nidlligrams per  Manual or sutomated colori.
20, Ol and i L et
290, VI3 and greve, nsilligrams per quid-lgnid X on
liter. b with  trichlaro-trifiuore-
ethanegravinmirie.
ot urr.mk erhon; lotul (ToOr), (omhummu-lnlr:\ml 26
milligrams per lite: nethod 8 .
[[°% Omsnlcbll:ogmnu N),mllll- k]vldahl niu'o;»n mus 194,130 L~ 7 123 (612, 010)
gruins per hter. aminounia nitrogen.
43, Orthuphasphate (ae )4 ndlll- )Iwual or autunated aseor- 249 481 3 131 }ﬂl)
Krans per liter. Die acid-reduction, 0 m tmecmeecnceees [ M.
™. Pvnhujxlnroplwnol millle Gaschromatogrophy o, o ceceiTececiindeeriinersecccencmancmsatammaracsas

95, l'estk:ldrs, mllllgmm& per. olodn . e eemn 555 W »G0... ...}

liter,
5. Phﬂwh milligramnsg pee liter.. Colorimetrie, dAAP).. ... M- R - R
”. Phoﬁpboml {e. ental),mllu- Gas v hronuu-mphy M iieeeieceanincsetsceasemmnsnsacas cenertaveananasnan .

pet liter. .

98, pm- horur toml s 1), Tersullate: digestion  fol o, 18 1091
mi usper liter, - lowed by tanual or suto- . - y .

mated ax orbieacld redue-

ton,

nuuotﬂw'u .

9. Alpha—Tota), pCi per liver. o Proyuiron of e <enntjliation ... BINTELTS)... . . ...
. ocVMiler.

Alphl—f‘ounung ercor, DG oo, tee- mmcasemcacemce 4 LI ¢, ) JOR

tor,
101, Beh-—'l‘om pCl liter., .. Pruportingn) cOUNEl. . - cceeoereeconoe Ul“’(‘lH- o rm o rmon an
302, Bet.—Coumlnurpr:;ﬁmw . .. 0 N,

103, 'a) ur&:xm«-’rom. pCl per . oo
1h) DR, PCIpac ltwe. . .. SO0 AT .o+ eoeceeceeee e
183;00!/ [

304, Total, milligrams per liter__ .. Giravimnede, 10880 106°C. .. 20 | J (P RN
305, Total dissoived  (Hllerabie), tiass filwr Uitration, 180° G, 8 #3 ooooioiilil TTITIE
)

mil}! per Hter,
106, Total (mnﬂlur- Glase mm firation, 103 to
nb ng, 105° ¢ . .
107, &\uufm liitery e Velutuetrie or gnvlnmrle ST SV IS,
105 'r..m Yolaule, 1ullllmmlpct Gravliatre, 3500 ¢, . ‘_/’ 2

300, !pvdne coudultanve, micro- Wheutstone Lridge conduee 2(008)
ihos per centhucter a¢ 26°  tinetry.

310. suuau lm 509, milligrajus ouvlmmic: medrie;

- ]
‘ Casirin late).
il Su{lnb' 1as 8, 1af);igrami per 'rlubne Lodine for Jev-
Utz

ol
) uw‘rggrhymw bhupg:
uz. lsulmil (s %00;), wiligrams Titrimedrle, fodine-lodate. .. . 508 435 cereicmricramccanconne
it N Buﬂwunts miligrame et Col:r.inmtrlc (Motliylene - 800 M L1 ¢} ) IO,
314 e ure, ' - 18 eense W)
N metric thermomatec. -
115. Turbitity, NTU.............. Nephelonume.............. : 3 2 1 .

1 Reconimenddation for ssmpling atul preservation of samples aceording to MMn uwu
",W foc mm'h-a “Analyais of w'um- and %‘i‘;m, may U A Eavironeental Protection Ageocy, 4ole % D.

L., ] 4’?
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.\We references for USGS inethods, unless otheraise noled, sre to Brown, B., 8kougstad, M
'Mothods for Lollecuou and Amlyslso Water
nv., book lafed oh. A

cal Survey Techni er-Resouroes I
IEPA eomp.nb% meth ey may be found on ind
Official Analytical Chemists
* ¢ Manual tion 1s not required if com

" methods manual, 12th ed, (1075
bility dats on repr tative efMuont

RULES AND REGULATIONS

.. and Flsh-

Sampks for Dissolved Mlnenls and (mes," U 8, Geolog

1, (1970).
)o( “OfHeial Methods of Analysis of the Assotiation of
are o company file

1oshow that this preliminary distillation sigp isnot noee&w} how ever, manual distitlation wifl be required to resolve

anyeom.rov fes.
The n‘ethod used must be specified.
¢ g‘m ube MPN is

. V.and others, “iMcthods for C'ollection and Analysis of Aquatic Blolozlcal and Mircoblologwal Samples: ¥,
eologicsl Survey Teelmlquu of Water- Rosources Inv, book 5, ch. A4 (1073),”

’ mnee the membrans Slter technique fly yields low and varfable recovery from chlormated wastowaters, the
MPN methooim required to mom'f'mmmm !

SAdequately ustod methods for benzldlne ar6 not ayailab)
interim method cen bensed for the es

ved mothods are available, the following

o. Until a) J)Fro
timation of benzidines ‘(l) “Metho for Benudlnund 1ts Salts in Wastowaters,”

avaliahle from aniroumonlal Monltonn; aud Support L
cmnul Ohlo 45268,

tal Proteetion Agancy, Cin

y, U.8. Eavi

# American Nationai Standard on I'iotographic Pmeestlnx Effluonts, Apr. 2, 1975. Avatlable from ANST, 1430
1

Broadway, New York, N.Y. 1001,

uFishman, M. J, and Brown, Euzcne, »Selected Mclho& of tho U,S. Ceological Survey for Anal)sxs of Waste-

men - (1976) open-file ropott 76-1

1 Procedures fof pont‘chlompbgml. chlormat&d-organlc compounds ,sud posticides car
nvironiontal Pri g 0

rocedure) available from Envirouniental Montoring and uppon Lbaorstory, U. 8,

Xﬁnn Cincinnati, Ohlo 45268,

Vironmentsl Honltorir'lg and Support Lbaoratory, U
8 Color mothod
Envirotumental Protection

E

obmlned from the En-
tection Agenc {, Oh

1 For amplea suspected of thioc; yanaio interference, magnesium chloride s used as the digesfion

Inthe approved

des, the recommended catalysts are

e
with 20m)ofa solution of 510211

ure for cyani replaced
um chlodde MgCli-6H:0). This substitution wi il eliminate thJoeyanale nterference for both total cyanide

snd cyanideamendable to chlorination measurements.

U ¥or tbe dourmlnauon o( total motals the sample {s not filtered before proee:slnx. Because L:lgorous dlgwuon

t in & Joss of certaln metals through

preciptatio

n, 8 less vigoro!

glven on p 83 (4 .45 of “Method.s for Chemical Analysis o( Water and Wast.ealg (19'14) In thoss instances whero [

more vigorous

metal series (gold, iridium, osinium,

cstion Is des{red the procedurs on p. 82 (4.1.3) should be followed. For the measurement of the noble
palladium, platimum, rhogl

um and ruthenium), an aqua regla digestion istobo

substituted as follows Transfer s rcgnsenmlve aliquot of the'well-mixed sanple to a (lriﬂln beaker and add 3 m{

of concentrited redm lled ZINO;. P
cautiously add a 5 ml
volumes of concentra

ce the beaker on o steam bath and eva (ﬁorate to dry,
rt{on of aqua regla. (Aqua regia is
HClto one volume of concentrated H

ness. Cool the heaker and
1p ed immediately before use by carefully adding 3
03.) Covor the beaker with a watch glassand return

to the steam bath. Continuc heating the covered beaker for 50 min Remove cover and evaporato to d?'ness. Cool

and take 1 the residus In a small quantity of 1 1 HCi. Wash down the beaker walls and watch glass wi
water and filter the sample to remove silicates and other jnsoluble material that could clog the atom:
predetermined value based on the expected metal

volm ¢ 1o some

th distilled
Adjust the

ration. The 1s now reaﬁer(or analysts,

4 As the various furnace devices (flameless AA) are essentially atomic absorption tochniques, thoy are cons{dered
tohe approved test methods. Methods of standurd addition arc to Le followed as noted in p. 78 of “*Methods for Chemm-

lca! Aml 'sis of Water and Wastes,'" 1974,

ed metals are defined as those constitytents which will pass thiough a 0.45 um ?le‘“bmm filter. A pre-

ﬁllnﬂon Ls permissible to free the samnple fromn
after collection using the first 50to mox
to avold ble contamination.) D

larger suspeadod solids. Filter the sample as soon as pmcucr.l
zorlnse rmrmur nuk ((llassor plastic fil

filtenng us
nse the flask and collect the n-qumd volums o(

possi
filtrate. Acidify the filirate vmh 11 ndlstillod O; toa p!l of 2. Normally, 3 ml of (1:1) acld per liter should be

sufficient to preserve the sum

"Bee &wuuc..kbsorpnon $e\\slcuer," vol. !3, 73 (1974). Available from Perkin-Elmer Corp., Main A ve., Vorwalk

2,
".Method available from Envi ntal 2

jtoring and S

pport Laboratory, U.8. Enviroumental Protection

Agenoy, Cincinnati, Ohio 45268,

< § 136.5

* Recommended ‘methods for the analysis of silver in indusCrial wastcwaters at concentrations of 1 mg/1 and
abovo are Inadequato where silver exists as an iuorganic halide, Siiver halides such as the brom!de and chiloride
aro relatively lnsoluble {n reagents such as nitric acid but are readily soluble in an aqueous buffer of sodium thio-
sulfato and sodium hydroxide to a pH of 12, Therclore, for levels of sliver above 1 mg/1 20 ml of s tamsle should be
diluted,to 100 m} by :dd!ug 40 ] each of 2M Na;S:0; and 2M NaOH. Standards should be prepared in the same
manner, For levels of sllver below 1 mg/l the recommeyded method is samfacto

% An nulomated hy ne reduction metiiod Is,available from the Envlmnmemal,Monilonng and Support
Labomtory 8, Environmental Protection Agency Cincinnati, 43268.

nA uumix\r of such systemns manufactured b arfous companies are considered 'ﬁ Le eompmblo in their per-
formancte, In addition, lnother technique, hase on combustion-methane detection 13 aiso accep!

B (oerlits. D, Brown E.* Methods for Anal¥sls of Organic Substancesin Water’’: U.8. Geologleal Surve) Tecl-
nlqm o( Water- esourees Inv book S, ch,

F. Addison and R. . Ackman, “Direct Demmlm(lon o( Elcmental Phosphorus'by Gas-Liquid Cbronia-
tocn hy," *Journal of Cliromatography,” vol. 47, No. 3, pD. 421428, 1970.
he mettiod found on p. 75 measurcs only the dissolved gortlou \vhﬂe the methodon p, "8 measures only sus-
pcnded. ‘Thereforey the? ts must be added '»ocother to obtain **

8 3tevens, H, H., Fick F.,and Smoot, G. F.. “Water e“pemmre—lnnnenlial Faclors, Fk-l(l Mcasurement

aud Data Presentation U.S. (icological Survey Techniquesof Water Resources luv., hook 1 Q‘ )"

4, In $136.4, the second sentence of nate test procedure under this paragraph

paragraph (c) is amehded by deleting
the word “subchapter” immediately fol-
lowing the phrase “procedure under this” _
and -immediately preceding the word
"shau" and replaced with the phrase

“paragraph c;” and §136.4 is amended
by adding a new paragraph (d), to yend
as follows:. .

o ¢
§136.4 Application for ull('rnulo 1681
procedures.
] o 8 ] L] ]

(¢ * * * Any application for an alter-
nate test procedure under this psragraph
(c) shall: *'* ¢

(d) An application for approval of an
alternate test procedure for nationwide
use may be made by letter in triplicate
to the Director, Environmental Monitor-

(d) shall:

(1) Provide the, ‘name and address .of
the responsible person- or firm maklng
the application.

(2) Identify the pollutant(s) or pa-
rameter(s) for which nationwide ap-
proval of an alternate testing procedure
is being requested.

(3) Providé a detafled description of
the proposed alternate procedure, to-
gether with referefices to published or
other studies confirming the general ap-
plicability of the alternate test procedure
to the pollutant(s) or parameter(s) in
waste ‘water discharges from representa-
tive and specmed industrial or other
categories..

(4) Provide comperability data for the
performance of the proposed alternate

ing and Bupport Laboratory, Cincinnati,. .test procedure compared to the perform-

Ohlo 45268. Any. avppllcation for an alter-

e
- R

- " .

- .

- .
. -

5 - e

ance of the approved test procedures.

.
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{Amended] * -

{ 5.In§ 1385, paragraph (a) is amended
by inserting the phrase “proposed by the
responsible person or firm making the
discharge” immediately .after the words
“test procedure” and before the period
. that ends the paragraph.

+ 6.In § 136.5, paragraph (b) ‘{s amended

by inserting.in the first sentence the
phrase “proposed by the responsible per-
son or firm making the discharge” im-
mediately after the words “such applica-
tion” and immediately before the comma.
The second sentence ,of paragraph (b)
.is amended by deleting the phrase
" “Methods Development and Quality As-
surance Research Laboratory” immedi-
ately after the phrase “Stite Permit
Program and to the Director of the” at
the end of the sentence, and inserting in
its place the, phrase “Environmental
Monitoring aiid Support Laboratory,
Cincinnati.”

7.1In § 136.5, paragraph (¢) is amended
by inserting the phrase “‘prgposed by the
responsible person or firm making the
discharge” immediately after the phrase
“application for an alternate test pro-
cedure” and immediately before the
comma; and by deleting the phrase
“Methods Development and Quality As-
surance Laboratory” immediately after
the phrase “application to the Director
of the” and immediately beforg the
phrase “for review and recommeénda-
tion" and inserting in its place the phrase
“Environmental Monitoring and Support
Laboratory, Cincinnati.”

— 8.1In §136.5, the first sentence of para-
graph (d) is amended by inserting the
Phrase, ’'proposed by the responsible
person or firm making the discharge,"
inmediately after the phrase, “applica-
tion for an alternate test procedure,”
and immediately before the comma.

The second sentence of paragraph (d)
is amended by deleting the phrase,
“Methods Development and Quality As-
surance Research Laboratory,” immedi-
ately after the phrase: “to the Reglonal
Administrator by "the Director of the,”
and, immediately preceding the period
endlng the sentence and inserting in‘its

. place the phrase, “Environmental Moni-
toring and Support Laboratory, Cin-
cinnati.”" ~ ¢

The thlrd sentence of paragraph (d)
is amended by deleting the phrase,
“Methods Development and Quality As-
surance Research Laboratory,” immedi-
ately after the phrase, *‘forwarded to the
Director,” and immediately before the
second comma and by inserting in its
place the phrase, “Environmental Mon{-
toring and Support Laboratory, Cin-
cinnatt.”

9. Section 136,56 -1s amended by the
addition of a new paragraph (e) to read
as follows:

5
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§136.5 Anpp .l of alternate test pro- =
«dum

«© Within mﬁety days of the receipt
by the Director of the Environmertal .
toring: and Support Laboratdry, o
Ciinnati ‘of an application for _an
ate test procedure for nationwide
us e Director of the Environmerital
Monitoring and Support Laboratory, '
Cincinnat{ shall notify the applicant of
his recommendation to the A
t.rat‘&- to approve or reject the appnca-
tion, or shall specify additional informa-
tion which is required - to- deterpiine
.whether to approve the proposed, test
procedure. After such notification, -an

” alternate method determined by the Ad=4as.
J ministrator’to satisfy the applicahle xe-
quirements of this part shall be approved
for nationwide use to satisfy the redutre-
ments pf this subchapter; alternate test
. . procedures determined by the Adminis- .
trator not to meet the applicable require-
nients of this part shall be rejected.. -
Notice of these determinations shall be -
L, = submitted for publication in"the Pegesar :
o *°. "n , RecstER not later than 15 days after
) - . such notifieation and determmatlon is
. ¢ . s, -, made 7 " \
- ) ~, . ", IPRDOC76-35082 Filed 11-30-76;8: 45.am] -
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FEDERAL REGISTER, VOL. 41, NO. 232--WEDNESRAY, DECEMBER 1, 1976, pp. 52780452786

Ny 136--GUIDELINES ESTABLISHING TEST PROCEDURES'FOR THE .
3 ANALYSIS OF POLLUTANTS °

* Amendment of Requlations; Corréctions*

& .

. Page . Parameter Number » Correction or Addition

52783 62, Nickel 14th ed. Standard Methods - add "232" to page
» - reference opposite the colorimetric method
designation. -

g

52784 89, . Parameter and units, change “Nitrate" to
- . "Nitrite" -

52784 96, Phenols Delete the present method designation,
“Colorimetric, (4 AAP)," and replace it -

s o with the method designation, "Distillation
- . . followed by- colorimetric, (4 AAP).™

©, 52784 96, Phenols _ " 14th ed. Standard Methods, change "582"

-,

-7 to 574"

Amendment Correction**

52784 106, Total Suspended .. In “Methnd" column, after "103 to 105°C," add:
Resitue "Glass fiber filtration, 103-105°C, post-
washing of residue." Opposite this entry,
in the "oﬁger Approved Methods" column,
add (537)¢/ Then, on page 52785, add
faotnote 27 to.read: "27. Standard Methods'
- for the Examination of water and Wastewater,’
.13th Edition_(1971)." '

/

. *Federal Register, ‘Volume 42. No. 12 Tuesday, January 18 1977, pp. 3306- 3307‘
,**Federal Register; Volume 32, No. 139, Wednesday, July 20, 1977, p. 37205 .
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- o s NPDES/CERTIFICATIONS <
“g:‘ . ALTERNATIVE. TEST PROCEDURES FOR LIMITED USE

. TOPIC: Application and approval for individual, permit-holders to use.alternate
‘ test procedures (alternate to those published in the Federal Régister
e +  for NPDES/certification purposes) for specific disgharges. ’
SOURCE: Federal Register, Title 40, Chapter I, Subchapter D, Part 136:

- Vql 38, No. 199, October 16, 1973 . . .

- Vol 41, No. 232, December 1, 1976 1

<

A. Application for Alternate Test Procedures -

« The responsible person or firm making the discharge applies to the EPA
Regional Administrator (RA) in the Region where the. discharge occurs,
through the Director of the State agency having permit-issuing authority.
If the state does not issue permits, the application is sent directly to

—-the EPA RA. One must: g

) 1. Provide identifying information, i.e., name, address, permit number
etc. . , .

. 2. 1Identify the pollut;ht or. parameter involved.
3. Provide Justification for usfﬁ% alternate procedure rather than stipulated
.. test.’ ' : i
R -4, Provide a detailed descriptibn of the proposed pro;e&ure with néferéncei
regarding the applicability to the effluents in qugstion.

8. Approval of Alternate Test Procedures . ¢7;~ o
An EPA Regional Administrator (RA) has the final responsibility for approval. ’
”“itt;fhé’Staée Difec;or condu;;;\;\ggthnigal and” administrative review.and
- forwards the application and his recommendation to the RA. ,

——

2. The RA conducts a technical an& administrative review, .
a.  If the State Director recommended rejection for,écientific/and technical
) _ reasons, the RA dénies the) application and sends a copy of the rejected
- application and his decisTbn to the applicant, the State Director and to
-the Director of the Envirr aboratory (EMSL).
. ' . i

A\

: ntal Monitoring and Support

b. Before approving any apﬁI' ation, the RA sends a copy of t
- to-the Director of EMSL for| neview and’recommendation: -

applicat{oﬁ_

c 3. Prior to-90 days of receipt of the application'by the RA, the Dikector of
" : . EMSL forwards to the RA a rec ndation providing the scientific\and v
o other technical basis for acceptance ot rejecpion of thg applicatipn. -

notifies the applicant and the appropr}Qte

4. Within 90 days,.of receipt, the ,
: tion, or else specifies add1tiopa1,1nfoqmat10n

.State adency of approval or rej
- required for the decision, -

vy

* 5. A copy of alI;app}oval and rejection notifications are sent to EMSL ‘for -
" . purposes of natjonal coordinatiof. 51 , : ’
. - ‘ A

¢

- N v

i




~ - NPDES/CERTIFICATIONS -
. © ALTERNATIVE TEST PROCEDURES FOR NATIONWIDE USE

JD?IC: Application and approval by any person, laboratory, manufacturer, etc.,

&

T

'A.

-~
[

- Director;

. 4. Provide comparability data (proposed procedure. compared to procedure -

- responsibility for approval.

for nationwide use of an alternate test procedure (alternate to those
publishéd in the Federal Registeg for,NPDES/Qg?tification purposes).

“ \

SQURCE: Federal Register, Title .40, phapteﬁ I.‘Subcﬁhpter D, Part 136, Vol 41,

-No. 232, December 1, 1976 . D e <

Application-for.ﬂ]ternatefTeSt Procedurés -7 : . d

Any interested persoﬁ, laboratory, manufacturer, etec:, applies to the ‘
_Environmental Monitoring and Support Laboratory (EMSL), Cincinnati,
Ohio 45268. Onpe must: , . .
1. Provide identifying information, f.e.,,name and address of the responsible
person or firm. . ) - N
A4

2. Identify the poI]utanf(s) or parameter(s) involved.

3. Provide a detailed description of the'proposed—procedure with references ot
regarding its applicability. . L. " ’ ‘

published in the Federal Register).

Approval of Alte}nate Test Procedures

—

The Administrator of the U.S. Environmental Rroteétion'Agency has the final . <

1. The Director of EMSL conducts a tethnical review.

. , R ye " - _ . - 3 «
2. Within 90 days of receipt, the.Director of EMSL notifies the Administrator
of his recommendation to approve or reject-the application, or else returns
the app]ication‘fo% additional information required for the decision.: .

whether or not theAlternate test.procedures meet the requirements set fo
’injthe Federal Regjster, 1.e.s whether the procedureg‘aré to be approved
“rejected. : T L T . K

3. \After notification of the EMSk recommendations, the Administrator determi m

- .‘, R m - e
4. Within fifteen days of the notification and determination, notice, of the
final decision is submitted to the Federal Register for publication.
. .. e ° _ P

e
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UNITED STATES ENVIRONMENTAL PROTECTIQN AGENCY
., OFFICE OF RESEARCH AND DEVELOPMENT E
ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY
’ CINCINNATI, OMHIO- 45268

4
~ hd
N

S
OATE:  September 20, 1978 .
SUBJECT: Use of "Chemicdl Test Kits for Compliance : .
< Monitoring . ‘ .

3 Envirordmental Monitoring and Sipp
Laboratory - CincYnnati

P
TO: Regional. Quality Assurance Coordinators

> A number-of Regional Coordinators and Permit staff have received
inquiries concerning the use of test kits for the parameters required
by the Effluent Guidelines and Compliance Monitoring Sections of PL
92-500. This memorandum defines the position of EMSL on these tést"
methods- and contains recommendations for regional and state response
to inquiries concerning acceptance. .

Qur interpretation of Section 304(g), implemented- as “Guidelines
Establishing Test Procedures for Analysis of Pollutants,” in Federal
Register, Dec. 1, 1976, is that the test kits are not equivalent to
the procedures promulgated in the Federal Register and therefore are
subject to the requirements governing alternate procedurés. Therefore,
it is neces$ary for the applitant equest the- use of these test
kits from the appropriate Region Administrator-as:presented in the
regulations. This recommendatigfi is based upon the following factors:

AMPLE PREPARATION - : ’

* Most. of the progedﬁres seléegégafor'1mp1ementafion of Seciion 304(qg)
dre designed to measure the to nstituent or element present in

the sample or are specifically modifi ine a pr
defined form of the substance. The test kits considered herein
generally do not utilizeé the rlecessary digestion or pretreatment
required to measure the total constituent.., In many cdsgs, such as
preliminary digestion with acids or distillations, these pretreatments
‘cannot- be performed §htisfaztor11y under field conditions. Thus, "the
- final, result reported, when a kit is used, is nearly always less than
the true value and accepfancegif such data.will lead toiwrong inter-
pretation of effluent loadingy, T

. e
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It should be recognized that a majority of these test kit measurement
techniques were developed for field use.on domestic water supplies or
‘relatively clean ambient streams and are not designed to provide for
removal of interferences often encountered in municipal and industrial

waste effluents. -

-

' -\
- MEASUREMENT SYSTEMS

~°

<

_In some cases the physical and-chemical measuvement principles differ
from those~employed in the referance methods.. In, addition, proprie-
tary reagents of unknéwn composition are often provided with 1ittle or-
no information .available on the reactions involved. Even though some
of the tests are "based- on Standard Méthods," a number of factors rule
out the acceptance of the test progédures as equivalent.

‘ 4 .

to /REAGENTS
S

* described in the reference method. Volumes are generally pre-measured
under unknown conditions and addition to the sample is often by means
of inaccurate drogger§ or pipets. In-short, the quatlity and quantity
of reagents is under the direct control of the“analyst, as .

. required by g analytical technique. -

 CALIBRATION'AND COLOR M

. -In most cases the reT::;;/céhcentrations”are not the same/as those

most test Kits a comparatively. simplé photometer is provided or

-7 available light is used” to measure color intensity. Calibratio

scales are supplied by the manu Cturer based upon factors deve&loped

. under ddeal conditions in hjs~Taboratory, and recalibration is ~
difficult or not recommepded. ‘No provision is made for changes in
reagent composition due”to' inadequate quality control in manufacturing
or adverse storage cofiditionss, The photometers usually available will
not accept cells of sufficient path length to achieve the required

- sensitivity, and sealed standards ‘incorpordted fin the kits are subjec
to changes in colgr with time. Finally, the band pass of these

~® " Dhotometers is gefierally too wide for accurate measurement of the
' appropriate wavelength. s -
U . " DATA REQUIREMENTS FOR ALTERNATE TEST. PROCEDURES

R ./ , S T
When considération of the above factors are not sufficient to rejec
an appli atidén for use of tgsf‘kits, a request should be made for
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comparative data upon which to Judge the appiNcability of the. alterna-
) tive procedures. The attached protocsl is recymiendad in developing
-the necessary information. The regulations reqidre that the alternate
-, procedures be used on the waste being monitored and that application
‘be made to the Regional Administrator or State Director having
jurisdiction over thexpermit issuance. ° E

It is recognized that under unusual conditions the applicant may have >
difficulty obtaining comparative data because of lack of laboratory
facilities. at remote locatidfis. - Even in thése cases, the applicant.
should be urged—to obtain adequate data by having the necessary work , ;
done at.a base laboratery or on contract. The ‘acceptance of alternate
procedures withyut supporting laboratory results may significantly )
weaken the pollution control ‘efforts intended by PL 92-500 )

Tne use of field test kits, as with other alternate procedures, should
be considered on_a case-by-case basis\with judgment based on all of
the factors 1nvd1wed. No blanket acceptance of test methods will be
recommended unless a Targe volume of data have been accumulated
clearly showing that the use of the specific alternata procedure on a
wide variety of sample types will provide test results equivalent in -
precision and accuracy to'the reference methods. When such data are
available; the method wil] probably be incorporated in amendments to .
the listing of Dec. 1, 1976, making further substantiation unnecessary.

~

Attachment

,cc: Waltar G. Gilbert, Director ’
National Training & Operational Technology. Center
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1) Five 1ndustr1&1 (discharge) sources fdentified by, Standard Industrial
Classification (SIC) code or fivre drinkiing water spurces, -
) 2) Six samples from each source. N
3) [Eour replicate ~anab'ses each by the proposed and roved method.
Sources Samples )_ * ~ Replicates Methods Total
" 5 X 6 . X 8 - X 2 . 240
. N
3 w- ‘ - . |
ook Y DATA REQUIREMENTS | Y
. ’ LIMITED - USE APPROVAL OF ALTERNATE TEST PROCEDURE
R . - 'STATE 0R REGIONAL UsE| :
Yoo 1) Five sources. . v
o 2) Three samples from each source. . -
. 3) Four rep'licate_a_;galyses each by the proposed and approved method.
Sources Samples - ,'Re.'g'li-cates' o  Methods " Total ‘
5 X 3 X @4.5 X 2 "= 120
) BN . i \ * 7 1 “ é:
y ' > ’
i i \‘-.-
‘;__ 56 L . .
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S ' ' ' DATA REQUIREMENTS
DI LIMITED - USE APPROVAL OF ALTERNATE TEST PROCEDURE . ,
- PERMIT HOLDER OR DRINKING WATER SYSTEM ~

1 « T

1) Three samples from each source;(

-2) Four replicate analyses each by the proposed and approved method.

¥

Sources .-.\Jkgggies Replicates Methods " Total -
o X 3. x4 X .2 = o4
- " .
A P ¢ k{\ - !
. STATISTICAL PROTOCOL
.. APPROVAL OF ALTERNATE TEST PROCEDURES

1) Calculate basic statistics of mean and standard deviation.

2) Test for outliers.

1
3)- Prequency counts and histogram to check distribution, % \
_4) Coghrans-test for equality among within-sample standard deviation.
7 5) F-test foﬁ equality of'pooied‘within-sampié variances. L ! -
- 6) T-test for equality of method ‘means. L
v ' | *
- # S
: : o
[
e o ]
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w&“’ , OFFICE OF RESEARCH AND DEVELOPMENT .

, — ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY
. . CINCINNATI, OHIO 43268 )
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September 20, 1978

Environmental Monitoring and Supp

Laboratory - Cincinnatid ¢

Dwight 6. Ballinger, Director ,é:/z%’/;!//&/;?f

. ' !
T0: Regional Quality As§yrance Coordinators . \ . .

|
|
|
. 3
Use of "Prepared" Reagents in NPDES Compliance : 9'
|
We encourage the use of pre-p bared‘sdfaﬁibns and standards by sewage .
‘ treatment plant operators and others for their required- compliance '
| monitoring activities,\broviding such solutions have been prepared ! “
according to the reagents section of the approved methods cited in the .
N Federal Register of December T, 1976. We would, ‘however, be opposed to °
the use of cquercial reagents that aré of unknown composition. I
; In allowing the use of known ﬁre-gregaréd solutions and standards, we o

strongly recommend that the following quality control checks be obsérved
to insure their validity: .

.
R
<

\
. . |
1. Date all solutions upon” receipt of shipment, store in separate,
". appropriate area, and observe stated shelf life. _ : . I
— \ . L
|

2. Ve}ify that solutions and standards are vaIidqﬁyainiti311
checking them against a quality control check sample able - .
from EMSL through the appropriate Regional QA Coordinator.

) R ' These check samples are available for most of the common ‘ —
£ _ ‘ - measurements required in the NPDES. They are shipped in a
.  sealed vial as a sample concentrate with the actual composition
- being-provided in a separately sealed envelope.

- .. 3. ,Vérify that these solutions a;e stable on a routine basis by
- perjodically comparing them against a quality control check .
N ‘ sample or a standard from another source. .

.cc: Walter-G. Gilbert, Director ' - . 4
SN National Training & Operational Technglogy Center .- . Lo
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Title 40—Protection of Environment

CHAPTER 1-—ENVIRONMENTAL
PROTECTION AGENCY

SUBCHAPTER D—WATER PROGRAMS
[FRL 464-7]

PART 141 —NATIONAL INTERIM PRIMARY
DRINKING WATER REGULATION?SW

On March 14. 19%5, the Environmental
Protection Agency (EPA) proposed Na-
tional Interim Primary Drinking Water
Regulations pursuant to sections 1412,
1414, 1415, and 1450 of the Public Health
Service Act ("the Act”), as amended by
the Safe Drinking Water Act (“SDWA,”
Pub. L. 93-523), 40 FR 11990. EPA held
public hearings on the proposed regula-
tions in Boston, Chicago, San Francisco,
and Washington during the month of
April. Several.thousand pages of com-
ments on the proposed regulations were*

_received and evaluated. In addition, the

Agency has recelved comments and in-
‘formation on the proposed regulations
from the National Drinking Water Ad-
visory Council, the Secretary of Hezlth,
Education, and Welfare. and from num-
erous others during meetings with repre-
sentatives of~State agencies, public in-
térest groups and others. ~ TR

The regulations deal only with the
basic legal requirements. Descriptive
materiai will be provided in a guidance
and the States.

The purpose of this preamble to the.
final regulations is to summarize the most
significant changés made in the proposed
regulations as & result .of comments re-
cefved and the further consideration of
avallable information. A more detailed
discussion of the comments and of

changes in the proposed regulations is

attached as Appendix A.
WATER Sysrems COVERED

The Safe Drinking Water Act applies
to each “public water system.” which is
defined in Section 1401(4) of the Act as -
“g systetn for the provision to the public
of piped water for human consumption,
if such system has at least fifteen service
connections or regularly serves atsleast
twenty-five individuals.” Privately owned
as well as publicly owned systems are
covered. Service “to the public” is inter-
pretediby EPA to include factories and
private housing developments. (See gen-
erally, House Report, pp. 16-17.)

The definition of “public water sys-
tem” proposed in the Interim Primary
Drinking Water Regulations sought to
explain the meaning of the statutory
reference to “regular” service. It was
proposed to interpret this term as includ-
ing service for as much as three months
during the year. Because the proposed
definition would have excluded many
iarge campgrounds. lodges. and other
public accommodations which serve/-
Iarge numbers of tourists but which are
open for slightly less than three months
each year, the definition in the final ver-
sion covers systems serving an average of
at least twenty-five individuals at least
60 days out of the year. The use of a

mintmum number of days rather than

Aruitoxt provided by Eic:

-

o . «

manual for use by public water systems

RULES AND REGULATIONS

-months also makes clear that a system
may qualify as a public water system
even if it is not open every day during a
given month.

Once “public water system’ has been
defined, it is ne~cssary to define the two
major types of public water systems—
those serving residents and those serv-
ing transients or intermittent users. The
possible health effects of a contaminant
in drinking water in many cases are quite
different for a person drinking the water
for a long period of time than for a per-
son drinking the water only briefly or in-
termittently. Different regulatory con-
siderations may in some cases apply to
systems which serve residents as opposed
to systems” which serve transieits or in-
termittent users. Accordingly, § 141.2(e)
makes clear that all "public water sys-
tems” fall within either the category of
“community water systems” or the ¢ate-
gory of “non-community water systems,”
To make clear which regulatory require-
ments apply to which type of system, the
category covered is specifically indicated
throughout the regulations.

The proposed regulations defined a
“community water system™ as “a public,
water system which servés a population
of which 70 percent-or greater afe resi-
dents.” Reliance ih the proposed defini-
tiori on the percentage of water system
users who are residents would\result {n
treating some fairly large resor§ com-
munities with many year-round resjdents
as non-community systems. Thetrefore,
the defirition of “community water sys-
tem' has been changed to cover any sys-
tem which serves at least. 15 service con-
nections used by year-round residents or
serves atleast 25 year-round Fesldents. .

Suart ComMUNITY WATER SYSTEMS

Many community water systems in the
country are quite small. Since it is the
intention of the Act to provide basically
the same level of health protection, to
residents of small communities as to
residents of large cities, and since a num-
ber of advarced water treatment tech-
niques are made feasible only by eco-
nomies of scale. the cost of compliance
with the .requirements of the Act may
pose a serious ‘problem forsmany small
communities. ‘'The regulations seek to
recognize the financial problems of small
communities by requirirg more realistic
monitoring’ for systems serving fewer
than 1,000 persons. Variances and ex-
emptions authorized by the Act can also
assist in dealing with ecomomic problems
of small community systems in appropri-
ate cases, at least temporarily. EPA will
provide technical assistance on effective
treatment techniques which can be used
by small systems. o,

.These methods of dealing with the fl-
nanclal problems of some small* com=~_
munity systems may not be sufficient in
_Specific instances to make compliance
“with all applicable rcgulatory require-
ments feasible. EPA is commencing &
study of potential problems faced by
small community systems in meeting ap-
plicable requirements under the Act and

these regulations, and, if necessary, will

make additional adjustments in the In-

v
1

i
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-ally those sys

terim Primary Drinking Water Regula~
tions prior to the eﬂ_ectlve date.

NON-COMMUNITY SYSTEMS

“Non-community systems" are basic-
ms which serve transients.
They include hdftels, motels, restaurants,
campgrounds, service stations, and other
public accor}imodat.lo_ns which have their
own water/system and which have at
least 15 service connections or..serve
water to & daily average of at least 25
persons, , Some schools, factories and
churcheg are also included in this cate-
gory. It/is conservatively estimatgd that
there are over 200,000 non-community
watersystems in the country. However. it |
should be recognized that while their
number is large, they normally are not
the/ principal source of water fop £he
pegple they serve: i} .
,The regulations as proposed would
have applied all maximum contaminant
levels to non-community systems as well
as to community systems. This approach
failed to take into account the fact that
the proposed maximum contaminant

,levels for organic chemicals and most in- |

organic chemicals were based on the
potential health effects of long-term, ex-
posure, Thoie
to protect transients or iIntermittent

users. Therefore,’ the final regulations

provide that maximum contaminant

levels for organic chemicals, and {or in-

organic chemicals other than nitrates,

are not applicable to non-community

systems. An exception was made for ni-

trates because they can have an adverse

health effect on susceptible infants in 8,
short period.of time. .

Even without monitoring for organic
chemicals or most inorganic chemicals,
in the Initial stages of implementation
of the drinking water regulations, mon- .

Jtoring results from texs of thousands of °

non-community systems could” over-
whelm laboratory capabilities and other
resources. This could delay effective im-~
plementation of the regulations with re-
spect to the-community systems which
provide the water which American3
drink every day. To avoid this result,
non-community systems will be given ,
two years after the eftective date of the
regulations to commence monitoring. In
the meantime, non-community systems
which already monitor their water are
encouraged to continue to do so, and the
States are encouraged to take appropri-
ate measures to test or require monitor-
ing for non-community systems that '
serve large numbers of people.

Of course, non-community _systems
which pose a threat to health should be
dealt' with as quickly as possible.” The
maximum contaminant levels applicable
to non-community water systems there-
fore will take effect 18 months after pro-
mulgation. at the same time as levels ap-
plicable to community systems. Inspet-
tion and enforcement authority will ap-
ply to non-community systems at the
same time as to community systems.

SANITARY SURVEYS

EPA encourages 'the States to conduct
sanitary surveys on a systematic basis. -

’
.
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These on-site inspections-of water sys-
tems are more effective in assuring safe
water to the public than individual tests
taken in.the absence of sanitary surveys.
The regulations provide that monitor-
ing frequencies for coliform bacteria can
be changed by the entity with primary
enforcement responsibility for an indi-
vidual -non-comimunity system. and in
certain circumstances for an individual
community system, based on the results
of a sanitary survey.”

MAXIMUM CONTAMINANT LEVELS

Numerous comments were received by
EPA on the substances selected for the
establishment of mraximum contaminant
levels and on the levels chosen. Congress
anticipated that the initial Interim Pri-
mary Drinking Water Regulations would
be based on the Public Health Service
Standards of 1962, -and this Congres-
sional intent has been followed. Com-
ments received on the various levels did
not contain new data sufficient to re-
quire the establishment of levels differ-
ent from those contained in the Public
Health Service Standards. .

< * WATER GONSUMPTION

The maximum contaminant levels are
based, directly or Indirectly, on aj as-
sumed consumption of two liters of water
per day. The same assumption was used
in the 1962 Standards. This assumption
has been challenged because of instances
where much higher water consumption
rates occur. EPA's justification for using

_ RULES AND REGULATIONS

judgment. They have withstood the test
of time and of: protessnonal review. They
are being subjecled to further review by
the National Academy of Sciencesin con-
nection with development of data for the
Revised Primary Drinking Water Regu-
lations.

MCL's BAsep ON TEMPERATURE

A question _was also raised as to
whether ranges of maximum contami-
nant levelgshould be established on the
basis of the climate in the aren served
by the public water system, as was done
with fluoride. EPA believes that the use
of a temperature scale for fluoride is
more appropriate than for other chemi-
cals because of the studies available en
the fluoride-temperature relationship
and because there is a small margin with
fluoride between beneficial levels and
lovelg’that cause adverse health effects

MCL's DELETED

Three proposed maximum contani-
nant levels have been eliminated in the
final regulations because they are not
justifled by the available data. One of
these is- carbon chloroform extract
(CCE), which 1§ discussed separately
below. The others are the proposed levels
for the starrdard bacterial plate count
and cyanide. In the case of the plate
count, it is believed that the coliform
limits contained in the regulations, com-
bined with the turbidity maximum con-
taminant level, adequately deal with
bacterial contamination. However, EPA

the two-liter figure is that it already .continues to believe that the standard

represents an above average water or
water-based fluid intake. Moreover, while
the factor of safety may be sonewhat re-
duced when greater quantities of water
are ingested, the maximum contaminant
levels based on the two-liter figure pro-
vide substantid] protection to virtually
all consumers. If, as has been suggested,
a water consumption rate of eight liters_
per day is used as the basis for maxi-
mum ‘contaminant level, all of the pro-
posed MCL’s would have to be divided by
four, greatly increasing the monitoring
difficulties, and in some cases challeng-

ing the sensitivity of accepted analytical’

procedures. It could be expected, in such
a case, that the maximum contami

levels would be exceeded to a significant
defree, and .that specialized treatment
technﬂues would be required to order
that the contaminant levels would be re-
duced. The economic impact of a move
in this direction would be enormeus. It
is not technlically or economically feasi-
ble to base maximum contaminant levels

on unusually hlzh consumptlon rates.

N Burnr FAcTORS

A question was raised about the fact
that different safety factors are con--
tained in various maximum contaminant
levels. The levélsare not intended to

- have a uniform n!ety factor, at leﬁf
e

partly because the knowledge of-and
nature of the health risks of the various

contaminants vary widely. The levels set

_are- the result of experience, evaluation

of the available data, and professional

plate count is a valid indicator of
bacteriological Quality of drinking water.
and recommends that it be used in ap-
propriate cases in conjunction with the
coliform tests as an operational tool.

The proposed maximum contaminant
level for cyanide Was eliminated because
the possibility of cyanide contamination
_can be_effectively addressed only by the
use of emergency action, such as under
Section 1431 of the Act. EPA's 1969 Com-
munity Water Supply Study did not
reveal a single instance in which cyanide
was present in a water system at a level
greater than one-thousandth of the level
at which cyanide is toxic to humans.

- Available data indicate that cyanide
will be present in witer systems at toxic
levéls only in the event of an accident,
such as a spill from a barge collision.
Maximum contaminant levels are not
the appropriate vehicle for dealing with
such rare, accidental contamination.

“Heptachor, heptachlor epoxide
and chlordane have also been removed
from the list of maximum contaminant

29567

£
and sulfates. The National Lrinking
Water Advisory Council has recon-
mended that consideration be given to
the monitoring of these constituents but
has not recommended the adoption of
naximum contaminant levels because
available data do not support the adop-
tion of any specific levels. EPA has re-
quested the National Academy of Sci-
ences to include sodium and sulfates
unong the contammants to be studied
by NAS. aud to include information on
the health eficcts of sodimm -and sulfates

in the report to be mnde by NAS in.

December 1976.

Since a number of per sons suffer from
diseases Which arc mnfluenced by dhetary
sodium intake and simnce there are others
who wish to restrict their sodium in-
take. it is desirable that the sodium con-
tent of drinking water be known. Those
affected can, bv know ing th®sodium con-
centration in their drinking water, make
adjustments to their diets or, in extreme
cases, seek alternative sources of water
to be uscd for drmkine and food prepara-
tion. It is recommended that the States
mstitute programs for regular momtor-
g, of the sodium tonteny of drinking
wafer served to the public, and for<in-
forming phhsicians and consumers of the
sodium concentration in drinking water.

A relativelv high concentration of sul-
fate in drinking water has little or no
known laxative effect on regular users of
the water, but transcients using such
water sometimes experience a laxative
effect. It is recommended that the States
institute monitoring programs for sul-
fates, and that transients be notified if
the sulfate content of*he water is high.
Such notification should include an as-
sessment of the possible physiological
effects of consumption of the watdr

PCB's AND ASBESTOS

An, interagency comment expressed
concern for asbestos and PCBs m_the
environment and noted the need for at
least a monitoring requirement, if not
for MCL's, for thesc con inants. EPA
is also concerned. but for the moment
lacks sufficient evidence regarding ana-
lytical methods, health effects, or occur-
rence in the environment to establish
MCL's. Thé Agency Is conducting re-
search and cooperating in research proj-
ects to develop criteria for establishing
needed limits as quickly as possible. A
monitoring study on a number of organic
chemical contaminants, including PCB's,
for ‘which MCL's are not being estab-

lished at-this time, will be contained in -

an organic chemical monitoring regula-
tion that is being'promulgated with these

levels at least temporarily in view of the--regulations. Regarding asbestos HEW

pending cancellation and suspensiqgn
proceedings -under the Federal Insecti-
cide, gicide and Rodenticide Act in-
volving those pesticides. When the re-
sults of these proceedings are available,
EPA will again consider whether maxj-
mum contaminant levels should be es-
tablished for those three pesticides.

Sop1uM AND Sm.nm

number of comments were received
orf the potentlal heslth effects of sodium '

—_— =
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and EPA are sponsoring a number of
studies this year at an approximate cost
of $16 million to establish' health effects.
anayltical methods and occurrence.

Pom or MEASUREMENT

¢

Other comment.s on maximum con-

taminant levels fogused on the proposed
requirement that such levels be tested
at the'consumer’s tap. Concern was ex-
pr&sed over the inability of the: publie
water system to control potential sources

.

7-25

et




18]

el

-

59368 .

of contaminants which are under the
control of the consumer.

The promulgated definition of “maxi-
mum contaminant level,” § 141.2¢(d), re-
tains the requircment that the maxi-
mum contaminant level be measured at
the tap except in the cage of turbidity,
which should be measured at the point
of entry to the distribution system. How-
ever, the definition has been expanded
to make clear that contaminants added
to the water by circumstances under the
control of the consumer are not the res
sponsibility of ,the supplier of water,
unless the contaminants result from cor-
rosion of piping and plumbing resuiting
from the quality of the water supplied.
It should be noted, however, that this
requirement ‘should not be interpréted
as to discourage local, aggressive cross
connegtion control'measures.

Cor1rorM BacTERIA MCL's

The promulgated MCL's for coliform
bacteria are basically the 1962 Public
Health Service Standards, with minor
refinements and clarifications However,
further changes may be desirable For
example, the MCL's for" the membrane
filter analytical method do not resolve
the question of how many coliform bac®
teria, are assumed to be present in a
sing highly contaminated sample.
Some laboratories assume an upper limit
of 50, while others seek to continue to
count individual bacteria to a level of
100 or even higher in a single sample.
The upper limit assumed will affect the

monthly average which is calculated to |

determine compliance with the MCL's.

Another question relating to the coli-
form‘bacterla MCL's is'the matter of
possible spurious positive samples. As the
regulations are written, all routine sam-
ples taken to determine tompliance with
the MCL's must be counted, regardless
of the results of analysis of any check
samples that may be taken. The reason

. for-this is that bacterial contamination

is often intermittent or transient, and.as
a result negative check samples taken a
day or more after a positive sample can-
not defnonstrate that the positive result
was in error. It may be possible, however,
to prescribe a means of dealing with spu-
rious positive results without compro-
mising the integrity of the MCL’s, _

* ~ A third question concerning the MCL's
for coliform bacteria is the relationship
of monthly averages of coliform bacteria
levels to monthly percentages of positive
samples. For example, the monthly av-
erage MCL for the membrane filter
method Is violated if the monthly aver-
age exceeds one coliform bacterium per

sample, However, for purposes of deter-

mining whether the monthly-percent-
age-of -positive-samples MCL is violated,
a sample is counted as positive only if it

contains more than four coliform bac-

terla. Thus, it Is possible, partfcularly
when a relatively small number of sam-
ples is taken, for a system 'to fail the
monthly average MCL even when no sin-
gle sample taken during the month is
out of compliance with the limit.

These and other questions concerning
the coliform bactéria MCL's will be re-
. L

»
»

Q 5

v -

RULES AND REGULATIONS .

vitwed further by EPA. If review indi- cal monitoring pursuant to Sections 1445
cates that changes in the MCL's are and 1450 of the Act. o

desirable, those changes will be made as The regulations reqjuire that desig-
soon as possible but within 6 months, in nated public water systems collect sam-
time to take effect at the same time as ples of raw and treated water for submis-

the initial Interim Primary Drinking sion to EPA for organics analysis. EPA

Water Regulations.
s ORGANIC CHEMICALS

will analyze the samples for a number of
broad organic parameters, including car-
bon chloroform extract (CCE), volatile

+ ‘The proposed maximum contaminant and non-volatile total organic carbon
levels for organic pesticides, other than (VTOC and NVTOC), total organic chlo-
the three whith are the subject of can-® rine (TOCD, ultraviolet absorbancy, and
cellation and suspension proceedings, fluorescence. In addition, monitoring will
have been retained. It is anticipated that be required for probably 21 specific or-
additional organic pesticides will be ganic compounds. Selection of the spe-
added to the regulations if surveys of cific compounds has been based on the
pesticides in drinking water being con- occurrence pr likelihood of occurrence in
ducted by EPA indicate that this 1S treated water, toxicity data and availa-
nceded. . bility of practical analytical "methods.

The proposed regulations also con- Laboratory analyses will be used to
ined a maximum contafninant level for evaluate the extent and nature of organic

-otzanic chemicals obtained by the carbon chemiecal contamination of drinking
chloroform extract (CCE) method. It ' water’ to evaluate the validity of the
was anticipated by Congress that organic general organic parameters as surrogates
chemicals would be dealt with primarily for measures of harmful organic chemi-
in the Revised Primary Drinking Water, cals, and to determine whether there is
Regulations because of the paucity of ac~“ an adequate basis for establishing maxi-
curate data on the health effects of vari- mum contaminant levels for specific or-
ous orgapic chemicals, the large numbers ganics ar groups of organics.

of such chemicals, uncertainities over ap-
propriate treatment techniques, and the
need for additional information on the
incidence of specific organic chemicals
in drinking water supplies. EPA thought
that the CCE standard might provide an
appropriate, means of dealing with or-
ganic chemicals gs a class pending action
on the Revised Primary Regulations.
The CCE standard was originally de-
veloped as.a test for undesirable tases
*and odors In drinking water. As conce
developed over the health effects of or-
ganic chemicals, the possibility of using
CCE as a health standard rather than
an esthetic standard was considered..
As pointed out by numerous comments,

CCE has many:s#ilings as an indlcator’

of health effects of organic chemicals.
To begin with, the test obtains informa-
tion on only a fraction of the total
amount of organic chemichls in the water
sampled. Furthermore, there is serlous
question as to the reliability of'CCE in
identifying those organic chemjcals
which are most suspected of adverse
health effects. In addition, there are no
existing data on which a specific level
for CCE cun be established on a rational
basis. To establish a maximum contami-
nant level under these circumstances
would almost certainly do more harm
than good. It could give a false sense of
security to persons served by systems
which are within the established level
and a false sense of. alarm to persons
served by systems which exceed the level,
It also would divert resources from
efforts to find more effective ways of
dealing with the organic chemicals
problem. :

EPA believes that the Intelligent
approach to the organic chemicals ques-

tion is to move ahead as rapidly as pos-
.sible along two fronts. Firsl, EPA is
‘adoptlng simultaneously with these reg-
ulations a Subpart E of Part 141, con-
taining requirements for organic g:heml-
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Second, EPA is embafking on an lnter.l-

sive research program to find answers ..

to the following four questions:

1. What are the effects of commonly
occurring organic compounds oni human
health?

2. What analytical procedures should
be used to monitor finished drinking
water to assure that any Primary Dripk-
ing Water Regulations dealing with or-
ganics are met? ’ .

3. Because some of these organic com-
pounds are formed during water treat-
ment, what changes in treatment prac-
tices are required to minimize the for-
mation of these comp<7 ds in treated
water? !

4. What treatment technology must
be applied to reduce contaminant levels
to concentrations that may be specified
in the Primary Drinking Water Regu-
lations?

This research will ihvolve health-
effects and epidemliological studies, in-
vestigations of analytical methodology,
and pilot plant afld field studies of or-
ganic removal unit précesses. Some*
phases of the research are to be com-
plete¢ by the end of this year, while,
much of the remainder are to be com-
pleted within the next calendar year.

As soon as sufficlent information is
derjved frolm the monitoring program
and related research, the Interim Pri-+
mary Drinking Water Regulations will
be amerideéd so that the orgapic chemi-
cals problem can be dealt with without
delay. The monitoring process will be
.completed within 1 year. .

During the interim period, while sat~
istactory MCL’s for organic contamina-
tion in drinking water are being devel-
oped, EPA will act in specific cases where
appropriate to_deal-with organic con-
tamination. If the EPA monitoring pro-
gram' reveals serlous specific cases of
contathination, EPA will work with State
and “loéal authorities to identify the
source and nature of the problem and to

-~
. e
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take remedial action. EPA will also aid
the States in identifying additional com-
munity water supplies that require
analysis. - s
- . .PusLic Notice

The public notice requirements pro-
posed in § 141.32 did not distinguish be-
ween community and non-community
¢ water systems. They would have

red that public notice of non-com-

pli with applicable regulations be
made by newspapeér, in water bills, and
by other media for all public water sys-
tems. These requirements are inappré-
priate and ineffective in the case of most
non-community water systems. Those
systems principally serve transients who
do not receive water bills from’ the sys-
tem and who probably are not.exposed
significantly to the local media. A more
effective approach would be to require
notice that can inform the transient
before he drinks the system’s water, and
thereby both warn the transient and

lrovlde an incentive to the suppler of’

ter to remedy the violation. Accord-
ingly, Section 141 32 as adopf#d provides
that In the case of non-community sys-
tems, the entity with primary enforce-
ment responsibility shall require that
notice be given ip a form and manner
that will insure that the public using
the public water system is adequately
informed.

The proposed public notice require-
ments also failed to distinguish between’
different typés of violations of the In-
terim Primary Drinking Water Regula-

* tlons. Since the urgency and importance

iy

RULES AND REGULATIONS -

A key dlement of quality control for

public water systems. {5 accurate ‘labora-
tory analysis. S8ection 141.28 of the regu-
lations provides that analyses conducted
for.'the putpose of  determining: com-
pliance with maximum contaminant
levéls must be conducted by a laboyatory
approved by the entity with primary en-
forcement responsibility. EPA will de-
velop as soon as possible. in cooperation
with the States and other interested
parties, criteria and procedures for lab-
oratory certification, A State with pri-
mary enforcement \responsibility
have a laboratory cei
suant to the prescribed, criteria and pro-
cedures, and in turn will certify labora-
tories within the State.

Record-keeping requirements ,argd re-
ports to the State also will assist jn
quality control efforts. )

RECORD-KEEFING

Adequate record-keeping js necessary
_for the proper operatior: and administra-
tion of a public water system. It is also
important for providing information to
the public, providing appropriate data

for inspection and enforcement activities,

and providing information on which fu-
ture regulations can 'be based Accord-
ingly, a' new § 141.33 has been added to
the regulations to require that cach pub-
lic water system maintain records of
sample analyses and of actions to coirect
violations of the Primary DrinkingWatcr
- Regulations. S ' _

EcoNOMIC AND COST ANALYSIS
A comprehensive economics study has

of a notice varies according to the nature” been made of the Interim Primary Drink-

of the violation involved, § 14132 as
promulgated seeks to match the type of
notice required with the type of violation
involved. Written notice-accompanying
a water bill or other direct notice by
malfil is.required for all violatiohs of the
‘regulations, including violations of mon-
itoring requirements,~and for the grant
of a variance or exemption. In addition,
notice by newspaper and notiflcation to
radio and television stations is required

~ whenever a maximum contaminant level

18 exceeded, or when the entity with
primary enforcement responsibility re-
quires such broader notice.

QUALITY CONTROL AND TESTING -
. Proceoures

Bection '1401¢1) of the Act defines
“primary, drinking water regulatien” to
Include “quality control and testing pro-
cedures.” . The promulgated™regulations
include testing requirements for each
maximum contaminant level, including
check samples and special ‘samples in
sppropriate cases. The regulations also
specify the procedures to be followed in
analyzing samples for each of the maxi-
mum contaminant levels, These proce-
dures will be ypdated from time to time
as advances are made ifi analytical meth-
ods. For example, references to “Stand-
ard Methods for the Examination of
Water and Wastewater” are to the cur-
Jent, 13th, edition, but these references

will be charlged to cite the 14th edition

ing Water Regulations. This study esti-
mates the costs of the regulations, cvalu-
ates the potential economic impact. and
considers possible material and; labor
shortages. The results of this analysis are
summarized here. -

Total investment costs to community
water systems to achieve compliance
with these regulations are estimated to
be between $1,050 and $1,765 millioh. It
is estimated that non-community sys-
tems will invest an additional $24 million.
The range of the estimate Is duesto un-

ified by EPA pur+*

. 59569

significantly affected. For thodse users in
systems serving 10,000 persons or more,
the average anhual treatment cost per
capita may increase from less than $1.00
for systems requiring disinfection and
lead control, to between $15 to $35 for
tontrol of turbidity and heavy metal re-
moval. For systems serving less than 100
persons, the averake annual per capita
costs of disinfection. lead control and
fluoridé/arsenic removal are estimated to
be between $2.10 and $11.80. However, if

turbidity control or heavy metal removal *

were required In" a system of this size - ~

then costs are expected to range from
$52 to $237 per year per capita. EPA s
aware of the serious potential economic

impact on users in these small systems.

However. the legislative history specifies
that the regulations should be based on

. costs that can be reasonably afforded by

large metropslitan or regional systems.
Qrt.her cconomic evaluation of these
stems is being conducted. and reclistic
optidns for these small systems are being

“reviewed. Options that will be under con-

stderation include less costly tréatment
technologies, fcrmation of regiona' sys-
tems: and use of alternative water
sources. Industnal and commercial users,
whcther providing thelr otvn water.or
using public systems. are not expected
to be significantly affected by these
regulations. *

Possible constraints to.the implemen-
tation of the interim pnmary regul
tions' were examined. Although thefe
will be an increase in demand%ehn -
icals. manpower, laboratories, gnd con-
struction of trcatment facilities,
anticipated that any of these fgttors w
be a serious obstacle to implémentation
of these regulations over a reascnable
time frame.

For the reasons given ahove, Chapter
40 of the Code of Federal Regulations is
hereby amended by the addition of-the
following new Part 141 These regula-
tions will take effect 18 months after
promulga_!.lon. —_— -

(It is hereby certified that the economlic and
mﬂauonary impacts of these reguhmons
have been carefully evaluated 1h accordance

certainty as to the desigh flow that will* with Executive Order 11821)

be used in installing treatment facilities.
8ystems not in’ compliance will have to
consider sizing their new components to
reflect average daily flow conditipns, or
maximum dafly flow conditions inl cases
where system storage is not adequate.

several \years. Investor-owned systems
will'bear about one-fourth of these.costs,
and publicly-owned sysfems the rémain-
der. It is not anticipated that systems will
Nave difficulty finanéing these capital re-

quirements, '
In annual terms, national costs aye ex-
pected to be within the following ranges:
¥ , In ‘mimoz;s

Capital costs
. tions and maintenance
Mon{toring (routine only)

........... peeeeeeees $426-645
Although these aggregate figures are

when ft is available in the near future. - large, most water consumers will not be

- .
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ThiZ investment will be spread over ~;.i3

$146-247
263-263" 141.14
17- 36

Dated: Deccmber 10. 1975.
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AUTHORTTY: Secs. 1412, 1414, 1445. and 1450

+ of the Public Health Service Act. 88 Stat. 1660
{42 U.8.C. 300g-1, 300g-3,300)~4, and 300}-9).

" Subpart A—General
§ 141, r Applu:abiluy. R

This pnrt establishes primary drmkmg
water reguldtions pursuant to section
1412 of the Public Health Service Act, as
aniended by the Safe Dripking Water
Act (Pub. L. 93-523);'and related regula-

tions applicable to public water systems.

§111.2 Definitions. ' 2

As used in this part, the term:
R (a) "Act” means" the Public Health
Service Act, as amended by the Safe
‘ Drinking Water Act, Pub. L. 93-523.
tb) “Contaminant” means any physi-
cal, chemigal, biological, or radiological
.substarice or matter in water.. -
¢ {(cr “Maximum contaminant level”
“ means the maximum permissible level of
- a contaminant in. water which is de-

publio

@

»

livered :to the free flowihg outlet of the*

" © ultimate user of a public water system,

except in‘the case of turbidity where the

- * méximum' permis¢ible ‘level- is measured

at the point of entry to the distribution

. system: Cbntaminants added to the water

- under. circumstances controlled by the

user, except those resulting from corro-

sion of piping and plumbing caused by

- ‘watér quality, are excluded from this
definition.

(d) "Person” means ‘an indjvidual,
corporation, company, association, part-
nership, State, municipality, or Federal
agency. s

"' (e) “Public water system” means a
system for the provision to the public
of piped water for human:consumption,
if such system has at least fifteen service
connections or regularly. serves an avere
age of at least twenty-five individuals

- - daily at least 60 days out of the year.
- Such teim 4ncludes (1) any collection,
treatment, storage, and distribution fa-
cilities under control of the operator of
uch system and used primarily in con-

»

colléction or pretreatment storage fogili-
t under such control wl'ucl;}c

system. ‘A public water systi
& “community water syste
comnrunity water system.”
() "Community water s¥stem
& public water system which se
least 15 service connections used by yeax-
round residents or regularly serves at
least 25 year-round residents. -

~ERIC®
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(i) “Non-community water system”
means a public water system that is pot
a community water system.

(f) “Sanitary survey! means an on-
site review of the water source, facili-
ties, equipment, operation and mainte-
hance of a public water system for the
purpose of evaluating the adequacy of
such source, facilities, equipment, op-
eration and maintenance for producing
and distributing safe drinking water.

(g) *Standard sample” means the
aliquot of finished drinking water that is

examined for the presence of coliform

bacteria.
(h) “State” means the agency of the

+ State’ government which has jurisdic-"

tion over public water systems. During
any period when a State does not have
primary enforcement .responsibility
pursuant’to Section 1413'of the Act, the
term “State' means the Reglonnl Ad-
' ministrator, U.S. Environmental Protec-
tion Agency.

(b “Supplier of water" means any
person who owns or operates a public
water system. '

§ 141.3 Covcrage. .

Thist part shall apply to each public
water system, unless the public water
system” meets all of the following condi-
Uon.s:

- (&) Consists only of distribution and
storage facilities (and does not have any
collection and treatment facilitfes) ;

(b) Obtains all of its water from. but
is not owned or operated by, a public wa-
ter system to which such regulations
apply:

(¢) Does not. scll water to any person;
and
" (d) Is not a carrier which conveys
passengers in interstate commerce.

§14F.4 Variances and exempt

Variances or exemptlon.s from c¥rtain
provisions of these regulations ma
granted pursuant to Sections 1415
1416 of the Act by the entity with pri-
mary enforcement responsibflity. Provi-
sions under Part 142, National Interim
Primary Drinking Water Regulations
Implementation—subpart E (Variances)
and subpart F (Exemptions)—apply
where EPA has prlmnry ‘enforcement
responsibility.

§ 141.5 - Siting requirements,

Ny

“ _Before & person may enter into a fi-
nancial commitment for or initiate con-
struction of & new public water system
or increase the capacity an existing

public water system, he sifall notify the
State and, to the extent practicable,
avoid locating:part or all of the new or
expanded facility -at.a site which:

(a) Is subject to a significant risk
from earthquakes, floods, fires or other
disasters which could causé a breakdown
of the public water system or a portion
thereof; or
(b) Except for intake structures, is
thin the fioodplain of‘a 100-year flood
or is lower than. any recorded high tide
where np?x%ﬁlnu reco_rds exist.

)
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The U.S. Environmental Protection
Agency will not seek to override land use
decisions affecting public water systems
siting which are made at the State or lo-
cal government levels. .

§ 141.6 Effective date. “

The regulations set forth in this part-
shall take effect 18 months after t.he date
of promulgation.

Subpart B—Maximum Contaminant Levels

§ 141.11 Maximum contaminaht levels
Yor inorganic chemicals.

(8) The maximum cont{minant level
for nitrate is applicable to both commu-
nity water systegns and non-community
water systems. The levels for the other
inorganic chemicals apply only to com-
munity water systems. Compliance <ith
maximum contaminant levels for inor=
ganic chemticals is calculated pursuant to
§141.23.

(b) The following are the maximum
contaminant levels for inorganic cheml-

cals other than fluoride:
‘Level,
milligrams’
Contaminant per liter
Arseno .oceocncicccccavcccccaas 0.05
Barlu.l% ......................... 1.
Cadmiim oo octcncana- poemmas ... 0.010
Chromium o{eececacucccccccaaaaa 0.08
2T T 0.08
Mercury R O LT RSP P 0,002
Nitrate (a8 N) oo mammmeaes - 10,
Selenlum —ccccccmccanccccaiomana 0.01
Sliver ___ - eee- 0.08

(¢) When the annual average of the
maximum daily air temperatures for the
lotation in which the community water

system is situated is the following, the
thaxinium contaminant levels for fluoride
are:

Temperature . Level,
egrecs Degrees Celsius milligrams
Fahrenheit per liter

PPN
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41 .12 Maximum contaminant levels
fof organic chemlealo.

The following are the maximum con=
taminant levels for organic chemicals.
They apply only to community water
systems. Compliance .with maximum
contaminant levels for organic chemicals
is calculated pursuant to & 141.24,.

Level,
milligrams
per liter

79:
§1

(a) Chiorinated hydrocarbons:
Endrin (1,33.4,10, 10-hexachloro-
6,7-epoxy-1,4, 48,5,6,7,8,88-0ct4-
hydro-1,4-endo, endo-58 - di-
methano naphthalene).
Lindane | (1,3,3,4,5.8-hexachloro-
cyclohéxine, gamupa fsomer).
Meth@ych)or (1,1 ichloro+
. 2, 7 - pis [p-methoxyphenylj
gth&ne)
Toxaphene C”H”m,-rochnicu 0.
chlorinated . camphono, 67-80
percent Chiorine)—— . _

0. 0002

‘

0. 004

0.1




(b) Chlordphenoxys:
24-D, (2.4-chhlorophenoxysce- 0.1

. tic acld).
2,4.5-TP Slivex (2 4,5-'h1chloro- 0.01
phenoxypropionic acld).
§ 141,13 'Maximum contaminant levels
for Iurbhgly,

The maximum contaminant levels for
turbldity are applicable to both commu-
ter systems and non-community
wa systems using surface water
sourca in whole or in part. The maxi-
mum contaminant levels for turbidity
in drinking water, measured at a repre-
sentative antry point(s) to the distribu-
tion systeis, are: . .

(a) One turbidity unit (TU), as de-
termined by a monthly average pursuant
to § 141.22; except that flve or fewer
turbidity units may be allowed if the
supplier of water can demonétrate to the
State that the higher turbidity does not
do any of the following:

(1) Interfere with disinfection;

(2) Prevent maintenance of an effec-
tive disinfectant agent throughout the
distribution system; or

¢3) Interfere with microbiolagic
determinations,

(b) Five turbidity units based on an
average for two consecutive days pursu-

ant to §141.22,

§142.14 Muximum nucrobiologlcnl con-
taminant levels. .

The maxlmum contaminant levels for
coliform bacteria, applicable to com-
munity water systems and non-com-
munity water systems, are as follows:

(a)> When the membrane filter tech-
niqué pursuant to §141.21¢a) is used,
the’ number of coliform bacterla shall

ot exceed any of the folldwing

(1) One per 100 mmillte{s as the,

arithpeetic mean of all samples'examined
per month pursuant to § 141.2% (b) or
);

(2) Four per 100 mlmll
than one sample when Jess“t
examined per month; or>

(3). Four per 4100 milliliters in moré
than five percent of the samples when

s in tore
an 20 are

(b) (1) When the fermentation tube
method and 10 milliliter standard por-
tions pursuant to §141.21(a) are used,
coliform bacteria shall not be present in
anyof the following: .

(1) fore thar 10 percent of the por-
tions in any month pursuant to § 141.21
b) or (©);

, (1) three or more portlons in more
than one sample when less than 20 sam-
ples are examined per monthor

i 20 or more are examined per month.

(if1) three or more- portiogs in more *

than five pertent of the samples when

month.
“2) ‘When the fermentation /tube

coliform bacteria shall not #€p
any of the following: |

(1) more thdan 60 percent of'the
tlons in any month purpuant to § 14
(b) or (c¢);

(§1)] ﬂve portions 1A more than cne
sample when less than five samples are
examined per month; or

- N
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1o .
(i) five portions in more-than 20 _

percenddf the samples when flve or more
samples are exsmined per month.

7 4¢) For commjunity or non-community -
systems that a equired to sample at a
rate of less thdn 4 per month, compu-
ance with patagraphs (a), (b)(1),
(b)(2) of this section shall be based upon
sampling during a 3 mpnth period, ex-
cept that, at the discretion of the State,
compliance may be based upon sampling
during a one-month period,

Subpart G—Momtorlng and Analytlcal
Requirements
§ 141.21 Microbiological contaminant
sampling and analytical rcquire-
ments.

(a), Suppliers of water tor community
watersystems and non-community water
systems shall analyze for coliform bac-
teria for the purpose of determining
compliance with § 141.14. Analyses shall
be conducted in accordance with the an-
alytical recommendasions set forth in
“Standard Methods for the Examination
of Water and Wastewater,” American
‘Public Health Association, 13th Edition,
pp. 662-688, except that a standard sam-
ple size shall be employed. The standard

dure shall be 100 milfiliters. The stand-
ard ple used in the 5 tube most
probablenumber (MPN) procedure (fer-
mentatiop-tube method) shall be 5 times
the stapdard portion, The standard por-
tion iy either 10 milliliters or 100 millf-
liters as described in § 141.14 (b) and (c).

The samples shall be taken at points
which are representative of the condi-

tions within the distribution system.

(b) The supplier of water for a com-
munlty water system shdll take coliform
"density samples at regular time inter-
vals, and in number proportionate to the
population served by the system. In no
event shall the frequency be less than as
set forth below: ~ )

Minimum number of

Populstion served: samples per month

11,101 t0 12,000 oo ZFinooea 18
12,001 0 12.900. - oo e e cemem 14
12,9010 13,700 o oo oo caae 16
13,701 to 14,600 ... A 16
14,601 to 15,500 v cceu-eo Crmempemea 17
16,501 t0 16,300 - oo e 18
1630110 17300 .-o.._____3. 19
17.201 t0 18,100 oo vmmcmmeasaan 20
18,101 to 18900._.... rommmm—m——— ‘ar
48901 t0 19800 ..o .. e mmmmmee ' 23
10,801 £0 20,7000 ccececc v comcacee- 23
20,701 to 21,600.. 24
21,501 to 22,300 25
23,301 to 23,200.. 26
. 23301 tp 24,000.. 21
24,001 to 24,900 —~28
24,901 to 25,000 20
* 26,001 to 48,000 30
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ample used in the membrane.filter pro-

s -

(¥
59571
28,001 to 33,000. 35
33,001 to_31,000. 40
87,001 to 41,000 45
41,001 to 46,000 50
46.001 to 50,000 65
50,001 to 54,000. 60
54,001 to 59,000. 65
569,001 to 64,000 <0
64,001 £0 70,000 e clccmcccncncana-n 75
70,001 t0 16.000- ... .__.__ 272" 8o
76,001 t0 83.000—- - = R 85
83,001 10 80,000 oo oo oo mevem e 90
90,001 £0 96,000 - _ .. _oocemeecneees 96
96,001 t0 111,000 ec oo oannn .' 100
111,001 0 130,000 ccnveeeeeenn- > 110
130,001 t0 160,000 - - o evmeeeeeem . 130
160,001 £0 190,000 e e e v e e ceecmmmem 130
160,001 0 220,000wrmam o oo 140
220,001 0 250,000. < ceee oo eeeveee- 160
250,001 £0 200,000+ - v eeeeencnemnnnan 160
290,001 0 320,000. eenee oo cemeeaeee 170
320,001 £0 360,000, «nneovoneeecaman 180
360,001 £0 410,000 e cn. oo o een 190
410,001 €0 450,000 o oo oo ocecomman 200
450,001 £0 500.000. e e o v oo cee oo e 210
600,001 £0 550.000-« -« oo cunemann 220
550,001 t0 500.000.« «ucececennncanan g;o
600 001 £0 660,000 o o ccce oo eeee 40
660.001 £0 720,000« v ceceeoveeean 350
720,001 £0 780.000. « e e oo ceeeme e 260
780,001 0 840,000. - v eenceenannnn 270
840,001 £0 910.000 - - - cweceeceene- 280
910,001 £0 970,000, « - e e ceeeeewmeme 290
970001 0 1,050,000 .. ceooceencn 300
1,050,001 10 1,140,000 -« v cecun- 310
1.140.001 to 1,230,000_ .. 320
1,230,001 te 1,320,000. 330
1,320,001 to 1,420.000. 340
1,420,001 to 1,520.000. 350
1,520,001 to 1,630.000. 360
14630,001 to 1,730.000. 370
1,730,001 to 1,850,000 380
1,850,001 to 1,970,000 390
1,970,001 to 2.060,000.. 400
2,060,001 to 2,270,000. 410
2,270,001 to 2,5610,000. ... 420
2,510,001 t0 2,750,000 . e cuueun - . 430
2,750,001 £0 3,020,000« . ccceecennenn 440
3,020,001 £0 3,320,000« - e e oec e 450
3,320,001 £0 3,620,000+ < v veeuenanns S, 460
3,620,001 t¢ 3,960,000 e peoceonn- 470
3,960,001 to 4,310,000._. 480
4,31001 to 4,690,000 490

4,690,001 or more....... ememmam———— 500

Based on a history of no coliform bac-
terial cotamination and on a sanitary
survey by the State showing the water
system to be supplied solely by a pro-
tected ground water source and free of
sanitary defects, a community water sys-
tem serving 25 to 1,000 persons, with
written permission from the State, may
reduce this sampling frequency except

that in 1o case shall it be reduced to less-

than one per quarter

(c¢) The supplier of water for a non-
community water system shall sample for
coliform bacterla in each calenday quar-
ter during which the system provides
water to the public. S8uch sampling shall
begin within two years after the éffective
date of this part. If the State, on the
basis of a sanitary survey, determiries
that some other frequency is more appro-
priate, that frequency shall be the fre-
quency required under these regulations.

Such frequency‘shall be confirmed or
chang on the basis of subsequent
surveys. »

(d) (1) When the coliform bacteria in a
single sample exceed four per 100 milll-
liters (§ 141.14(a) ), at léast two consecu-
tive daily check samples shall be collected
and examined from the same sampling

point. Additional check samples shall be * /
collected daily, or at a frequency estab-
7-29
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-lished by the State, until the results ob-
tained from at least two consecutive
check samples show less than one coli-
form bacterjum per 100 milliliters.

12) When coliform Racterla occur in
three or more 10 ml portions of a single
sample (§ 141.14(b) (1)) "4t least two
consecutive dally check samples shall be
collected and examined from the same
sampling point. Additional check samples

¢ shall be collected daily, or at a frequency
established by the State, until the results
obtained from at least two consecutive
check samples show no positive tubes.

(3) When coliform bacteria occur inall
five of the 100 ml portions of a single
sample (§ 141.14(b) (20), at least two
dafly check samples shall be collected
and examinéd from the same sampling

. point. Additional check samples shall be

- collected daily, or at a frequency estab-

: _lished by the State, until the results ob~

. ‘tained from at least two consecutive

. check samples show no positive tubes.

. (4) The location at which the check

samples were taken pursuant to para- -

graphs (d)* (1), (29, or (3) of this section

shall not be eliminated from future sam-

pling without approval of the State. The

resuits from all coliform bacterial analy-

! ses performed pursuant to this subpart,

except those obtained {rom check sam-

ples and special purpose samples, shall be

used to determihe compliance with the

maxbtmum contaminant’level for coliform

bacteria as established in § 141.14, Check

samples shall not be included in calculat-

*  ing the total number.of samples,taken

each month to determine cofipllance
with § 141.21 (b) or (c). . =

(&) When the ‘presence 6f coliform

bacteria In water taken from a particular

sampling point has been confirmed by

any check samples examined as directed

in paragraphs (d) «(1), (2), or (3) of this

. section, the supplier of water shall re-

port to the State within 48 houxs. -

() When a maximum contaminant

. *level set fortl in paragraphs {a)y, (b) or

+ 5(c) of §141.14 Is'exceeded, the supplier

~ of 'water shall report to the State and

«  notity the public a8 predcribed in § 141.31

. and § 141.32, . L -

(8) - Special purpose samples,-such as

those tiken tp detéermine whether dis-

. infection p ices following place~

. ment, replacement, dr repair havebeen

. syfficient, shall notbe used to determing

compliance with § 141.1€ ar § 14J£1 ®X
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0.2 mg/1 free chlorine throughout the

public water distribution system. When a ‘

particular sampling point has been
shown to have a free chlorine residual
leas than 0.2 mg/], the water at that loca-
tion shall be retested as soon as prac-
ticable and in any event within one hour.
If the original analysis is confirmed, this
fact shall be reported to the State within
48 hours. Also, if the analysls is con-
firmed, a sample for coliform bacterial
analysls must be collected from_ that
sampling Point 4s soon as practicable and
preferably within one hour, and the re-
sults of such analysis_reported to the
State within 48 hours after the results
are known to the supplier "of water
Analyses for residual chlorine shall be
made in accordanceé with “Standard
Methods for the Examination of Water
and Wastewater,” 13th Ed., pp. 129-132.
Compliance with the maximum con-
inant levels for coliform bacteria

may withdrawNts approval of the use of
chlorine residual substitution at any
time. !

§ 141.22 Turbidity sampling and .an-
alytival” requirements. -

(a) Samples shall be taken by suppliers
of water for both community water sys-
tems and non-community water systems
at a representative entry point(s) to the
water distribution system at least once
per day; for.the purpose of making tur-
bidity measurements to determine com-
pliance with § 141.13. The megsurement
shall be made by:the Nephelometric
Method in accordance with the recom-

. mendations set forth in “Standard Meth-

ods for 4he Examindtion of Water and
Wastewater,” American Public Health
Assoclation, 13th EdiMon, op. 350-353, or
“Methods Yor Chémical’ Analysis of
Water and?.Wastes,” pp. 295-298, En-
vironmentalProteotion Agency, Office df

"+Technolagy Transfer, Washington, D.C.

o,

20460,1974. £ 7 .. ,
(b) If {he result 6f-a‘turbidity analysis

§ 141.23  lnorganic chomd
andd aflily tienl n-qum

(a) Analyses for the purpose ot de-

teyrmining compliance with § 141.1'\ are
required as follows:

(1) Analyses for all community water
systems utilizing surface water sources
shall be completed within one year fol-
lowing the effective date of this part.

~These analyses shall be repeated at

yearly intervals. . .
(2) Analyses for all community water
systems utilizing only ground water
sources shall be completed within two
years following the effective date of this
part. These analyses shall be repeated
at three-year intervals. .

(3) For non-community water systems,
whether supplied by surface or ground
water sources, analyses for nitrate shall
be completed within two years following
the-effective date of this part. These
analyses shall be repeated at intervals
determined by the State.

(b) If the result of an analysis made
pursuant to paragraph (a) indicates that
the level of any contaminant listed in
§ 141 11 exceeds the maximum contam-
inant level. the supplier of water shall
report to the State within 7 days and
initiate three additional analyses at the
same sampling point within one month.

(¢) When the average of four analyses
mdde pursuant to paragraplf (b) of.-thig
section, rounded to the same number of
significant figures as the maximum con-

- taminant level for the substance in ques-

tion, exceeds the maximum contaminant
level, the supplier of water shall notify
the State pursuant to § 141.31 and give
notice to the public pursuant to § 141.32.
Monitoring after public notification shall
be at a frequency designated by‘the State
and shall continue until the maximum
contaminant level has not been exceeded »
in two successive sainples or until a mon-
itoring schedule as a condition to a
variance, exemption or enfprcemeént ac-
ticn shall become effective.

. (d) The provisions of paragraphs (b)
and (c)-of this section notwithstanding,
compliance with the maximum contam-
inant level for nitrate shall be determined

indicates that the makimum allowable—on tiie basis of the mean of two analyses,

limit has been exceeded, the_ sampling
and measurement shall rmefl by
sampli practidable and
referably within one hour. If the repeat
mple ‘donfirms that the maximum al-,

When a-level exceeding the maximum.
cotaminant level for nitrate is found,
a secondmnalysis shall be initiated-within
24 hours, and If the mean of tlie two
analyses exceeds the maximum contame-

or (c). i " fowableslimit has been exceeded, the sup»

(h)- A suppliér of water of aichm-+ plier’of water shall report to the Stath

munfy, water system or & non-cam- s Within 48 hours. The repeat sample shall

' munity wate® system |may, with the K be the sample used for the purpose Qf

inant level, the, supplier of water shall
+~ report his findings to the State pursuant. *
to §141.31 and shall notify the public
pursuant to § 141.32.

approval-of the State a

d
sanitary. survey, substlgui,othe use ol
‘chlorine residual'monitozing for not

than 38 perceht of the samples reqdired

be taken by paragraph, (b)»'of this

“section, Provided, { the suppller o

! watex takes chlorine, residual samples a

‘= . points which are representative of the
. contjtions within“the distribution sys~

. tem at the frequency of at:least four-fe

r, each substituted microblologital sample.

.t *  ‘There shall be at least dally determina~

upon a éfnaleulatmz the monthly averade. If the.

onthly average of the dally sampley
exceeds the maximum allowablé limit, or
it the avepgge of two’ samples taken on
consecutive days exceeds 5 TU, the sup<
pll&r of water shall report to the State,
and - notify the public es directed .n
§ 141.31 and § 141.82, * .

(¢) Sampling for' non-conimunity

_hegin «ithfn twe
years after the effective’ date of this part.

.(d) The, requirements of this § 141.22

® (e) 'For the initial analyses required
by paragraph (a) (1), (2) or (3) of this

section, datd for surface waters acquired

within one year prior to the effective date
and dala for ground waters acquired
within 3 yehrs prior to the effective date
of this part may be substitutéd at the

-——discretion of $he State.

Uy Analydés conducted to determine
com'pllance with § 141.11 shall be made
in “accordance with the following

- 0 . , . methods‘ -
:)ll(im: gi %ngmuigh:gu?: ;l:‘g- shall apply only td public, water systems (1) Arsénic—Atomic Absorption Meth-
" vided in this paragraph (R).-of this Which use water netl dn wholg or In od, *Méthods for Cbemical Analysis of
section; he ghall ma 0o less than Part from surface sources. . *  ‘Watenvand Wastes," pp. 95-96, Environ-
' - " . . s . e »
PR . . . . )
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mental Protection’ Agency, Office of
Technology Fransfer, Washington, D.C,
20460, 1974.
<") Barjum—Atomic Absmptlon Meth-
, “Standdard Methods for the Exami-
natnon of Water and Wastewater,” 13th
Edition, pp. 210-215% or “Methods {or
Chemical Analysis of Water and Wastes,"
pp. 97-98, Environmental Protection
Aygency, Office of Technology Transfel
Washington, D.C. 20460, 1974.
(3) Cadmium—Atdmic, Absorption
Method, “Standard Methods for the Ex-

amination of Water and Wastewater,”

13th Editiom, pp. 210-215, or “Methods
for Chemical Analysi8 of Water and
Wastes,” pp. 101-I03, Environmental
Protection ‘Agency, Office of Technology
Teansfer, Washington, D.C. 20460, 1974.

(4) Chromium—Atomic Absorption
Method, “Standard Methods for the Ex-
amingtion of Water and Wastewater,”
13th Edition, pp. 210--215, or "“Methods
for Chemical Analysis of ‘Water and
pp. 105-106, Environmental
Protection Agency, Office of Technology
Transfer. Washington, D.C. 20460, 1974.

(5) Lead—Atomic Absorption Method,
“Standard Methods for the Examina-
tion of Water and Wastewater,” 13th
Edition, pp. 210-215, or ‘“Methods for
Chemical Analysis of Water and Wastes,\
pp. 112-113, Environmental Protection
Agency, Office of Technology Transfer,
Washington, D.C. 20460, 1974.

) Mercury—-FlamEless Atomic Ab-
sorption Method, “Methods for Chemical
Analysis of Water and Wastes,” pp. 118~
126, Environmenta] Protectiomr- Agency,
Office of Technology Transfer, Wash-
ington, D.C. 20460, 1974.

(1) Nitrate—Brucine Colonmetn ic
Method, “Standard Methods for the Ex-
amination of Water and Wastewater,”
13th Edition, pp. 461-464, oF Cadmium
Reduction Method, *“Methods for Chemi-
ca] Analysis of Water and Wastes,”
pp. 201-208, Environmenfal Protection
Agency, Office.of Technology Transfer,
Washington, D.C. 20460, 1974.

(8) Selenfum—Atomic Absorption
Method, “Methods for Chemical Analysis
of Water and Wastes,” p. 145, Environ~

ental Protection Agency, Office of
{F hnology Transtel Washmgton. DC.

20460, 1974.

(€D} Sllver—Atomlc Absorption Meth-
od, _“Standard Methods for the EX-
amihation *of Water and WaStewater”,

13th Edition, pp. 210215, or “Methods

-for Chemical ,Analysis of Water and
Wastes”, p. 1§, Envirorimertal Protec-
tion Agency, Office of Techndlogy Trans-
fer, Washingto#, D.C. 20460, 1974.

(1) Fluoridé—Electrode Method,
“Standard Methods for the Examination
of Water and Wastewater”, 13th Edition,

pp. 172-174; or “Methods for Chemical

Analysis of Water and Wastes,” pp. 65—
67, Environmentd] Protection Agency,
Office of Technology Transfer, Wash-

ington, D.C. 20469, 1974, or Colorimetric
Method with Prelipinary Distillation,

.“Standard Methods f0r the Examination

» of Water and Wastewater,” 13th Edition,

pp. 171-172 and 174-176, or “Methods for

Chemica) Analysis of Water and

Wastes,” pp. 59-60, Envirgnmental Pro-
LN
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tectionr Agency, Office of Techno'lo‘gy
Transfer, Washington, D.C. 20460, 1974,

§ 141,24 'Organic shemical umplin;
and annlytical xequlrememu.

(a) An analysis of substances for the
purpose of determining compliance with
§ 141.12 shall be made as follows;

. (1) For all community water,systems

utilizing surface water sources, analyses
shall be completed within ohe year fol-
lowing the effective date.of this part.
Samples analyzed shall be collected dur-
ing the period of the yeay designated by
the State as the period when contami-
nation by pestieides is most likely to
occur. These analyses shall he repeated
at intervals specified by the State but
in no event less frequently than at three
year irtervals.
-~ (2) For comimunity water systems
utilizing only ground water sources,
andlysgs shall be completed by those sys-
tems specified by the State. -

(b) If the result of an analysis made
pursuant to paragraph t(a) of this sec-
tion indicates that the level of any con-
taminant listed in § 141.12 exceeds the
maximum contaminant jgvel, the sup-
plier of water shall report to the State
within 7 days and initiate three add:-
tional analyses within one month.

(c) When the average of four analyses
.nade pursuant to paragraph(b) of this
section, rounded to, the same number of
significant figures as the makimum con-
taminant level for the substance in ques-
tion,' exceeds .the maxinium contaminant
level, tlie suppller of water shall report
to the State pursuant to § 141.31 and give
netice to the public pursuant to §,141.32.
Mommtoring after public notiﬂc‘atwn shall
be at a frequency desighated by'thé State
and sshall continue until ,the maximum
contaminan{ level has not been exceeded
In two successive samples or until a
monitoring schedule as & condition to &
variance. exemption or’enforcement acs”
tion shall becomé effective.

. 39573

technique may be employed An alterna-
tive technique shall be acgeptable only

it it is substantially equivalent to the . .

prescribed test in both pFecision and ac-
curacy as it relates to the determination
of compliance with any maximum con-
, taménant level. The use of the alterna-
tive analytical technique shall not de-
crease the frequency of monitoring re-

. quired by this part. -

§ 141,28 Approved laboratorics,

For the purpose of determining com-
pliance with § 141.21 through § 141.27,
samples may be considered only if they

¢ have been analyzed by a laboratory ap-

pioved by the State except that meas- -

urements for turbidity and fiee c‘hlorlne
residual may be perforged by any per-
san acceptable to the State.

§ 111.29 Monitoring of consceutive
Y. lie water systes,

Wien a public water-system supplies

water to one o1 more other public water .

systenis, the State may modify the moni-
tormg requiremrents imposed by this
part (o the extent that the interconnec-

10n of the sysems jusifies treating them.

a3 a single system for monitofipg vur- * ' ®

1.0-es Any modified monitoring spa*l be
conduu.ed pursuant to a schedulf;-specl-
fied by thie State and concurred in by.the
Administratorof the US Envnronmontal
Protection Agency.

Cubpart D——Reportms
and Recor

Publlc N’otnf‘ca(gon
Keeplng .-

§ t41.31  Reporting rrqmrrmcuu. -

(a)r Except where a shiorter feporting
preriod Is specified’ in this part, the
supplicr of water shall repoit to the State
within 40 days following,a test, neasure-
ment or analysis required to be made by
tlus part, the results.of that test, mens-
urfinent or analysis.

th) The supplier of vater shall repoxt
Lo the State within 48 hours the f{aflure
to comnply with any Drimary dismking

,(d) For the initial analysis lcqunedc'{ water regulation (including fanure to

by paragraph 1a) (1) and (2)-of this
“section, 9iata. for surfa(:e water acquired
within one year prior to the effective
date of this part and data for ground
water acquired gvithin three years prior
to the effective date of this part may be
substituted at the discretion of the State.

(e) Analyses made to.determine com-
pliance with § 141.12(a) shall be made
in accordance with “Method for Organo-
chlorine Pesticides in Industrial Efflu-
ents,” MDQARL, Environmental Pro-
tection Agency, Cineinnati, ®hig; Novemn-
ber 28, 1973.

) Analyses,made to det,ermlne com-
pliance with § 141.12(h) shall be con-
ducted in accordance with “Methods for
Chlorinated Phenoxy Acid Herbicides in
Ifdustrial Effivents,” MDQARL, E
vironmental Protection Agency, Cincin-
nati, Ohio, November 28, 1973.

§ 141,27 Allernmivc
niques. .
with tHe:. wrmen permission of the
State, concurred in by the Administra-
tor of the U.S. Efivironmental* Protec-
tion Agency, an alternative ;malyucal

mmb tical tech-

.

*
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comply with monitoring requiremenisy
set forth in‘this part. .

(¢) The subplier of water is not-re-
quired to report analytica) results to the
State in cases where a State laboratory
performs the analysis and reports the
results to the State office which wotild
uormally recejve such notlﬂcatlon trom
the supplier.

§ 111,32 Public notification.

(a) If a community water system fujls
to comply with an applicable maximum
contaminant leve] established in Subpart
B, fails to comply with an applicable
testirig procedure established in Subpart
C of this part, is granted a variance or
an exemption from &n applicable maxi-
mum contaminant level, fails to comply
with the requirements of any schedule
prescribed pursuant to a variance or ex-
emption, or fails to perform any moni-
toring required pursuant to Section 1445
(a) of the Act,the susplier of water shail
notify persons sérved by the system of
the failure or grant by inclusion of a no-
tice in, the firstsgt of water bills of the
system’ lssued afte e fajlure or grant

»

.~

.1t

- -
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and in any event by written notice within'
three months. Such notice shall be re-

an,

RULES AND REGULATIONS

anced explanation of the significance or
seriousness to the public health of the

peated at least once every three months . subject of the notice, a fair explanation

' 30 long as the system’s fatlure continues
or the variance or exemption remains in’
effect. If the system Issues watér bills less
frequently than quarterly. or does not

“of steps taken by the system ta correct
any problem and ther ts of any addi-
tional sampling,

- (1) Notice to the public required by

fssue water bills, the notice shall be made v this section may be given by the State on

. by, or*supplemented by arother form of
- t mail, .
(b) If a community water system has
failed to comply with an applicable max-
imum contaminant level, the supplier of
water shall notify the public of such fail-
ure, in addition to the notification re-'
W by paragraph™(a) of this section,
as follows: . .

(1) By publication on not less than
three qonsecutive days in a newspaper or.
newspapers of general circulation in the
area served by thé system. Such notice
shall be completed within‘fourteen days

notice shall be furnished within seven
days after the supplier of water learns
~*of the faltire. . >
(ch If the area served by a comm
water system Is not served by
newspaper of general circula
cation by newspaper re

y
daily
n, notifis

fed by para-
shall instead be

newspaper of general
ing thc area, If no#eekly
‘or daily afewspaper of gencral circula-
tion; ¢s the area, notice shall be given
posting the notice in post offices WQ-
the area served by the system, <
(@) It a_non-community water sys-
tem fails to comply with an applicable
maximum contaminant level established
in Subpart B of this part fails to comply
with an applicable testing procedure
established in Subpart C of thi$ part,is
.gfanted a variance or an exemption from.
an applicable maximum contaminant
fevel, {ails-to comply with the reguire-
ment-of any schedule prescribed pursu-
‘ant to a variance or exemption or fails to
perform any monitoring required pursu-
apt to Section 1445(a) of the Act, the
supplier of water shall given potice of
such faflure or grant to the persons
served by the system. The form and man-
ner of such notice shall be prescribed by
the State, and shall insure that -the
public.using the svstem is adequaely in-
formed of the failure or grant.

(e) . Notices given pursuant to this gec-

tion shall be written in & manner reason-’
‘ably designed to” inform fully the.users
%t the system. The notice shall be con-

' spicuous and shall rot use unduly tech-

purpose of notice:' The notice shall
disclose all
subject including the nature of the prob--
lem and, when appropriate, a clear state-
jnent that a primary drinking water
regulation has been violated and any pre-
ventive nieszures that should be taken by
the public, Where appropriste, or where
designated by the State, bilingual notice

nical lan ., unduly small print or
other me&%hich would frustrate the

.
¢ . A
Sy

S
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shall be given. Noticed may inclyde s bal- .
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behalf of the supplier of water.

() In any instance in which notifica-
tion by mafl is required by paragraph (a)
of this section.but notification by news-
paper or to radjo or television stati
is not required by paragraph (b) of’
section, the State may, order the su
of water to provide notification by news-
paper and to radio and televisiopstations
when circumstances make more immedi-
Ale or broader notice appropriate
protect the public hga

§ 141.33 mcoryéi

ecords of bacteriological analyses
mage¢ pursuant to this part shall be kept
t not'less than 5 years. Records of

part-shall be kept: for not less than 10
years. Actual laboratory reports may be
,kept, or data may,be transferred to tab-

ular summaries, provided that the fol--

lowing information is included:

+(1) ‘The date, place, and time of sam-
pling, and the name of the person who
collected the sample; .

(2) Identification of the sample as to

whether it was a routine distribution
system sample, check sample, raw or
process water sample or other specla
purpose sample;

(3) Date of analysis; ' -
(4) Laboratory and person responsible
for performing analysis;

(5), The analytical technique/method
used; and
* (6) The results of the analysis. !

(b) Records of action-<taken by the
system to correct violations -of primary
drinking water regulations shall be kept
for a perfod not less than 3 years after
the last action taken with respect to the
particular vidlation involved. . .

(c) Copies of any. written *reports,
summaries.or” communications relating
to sanitary-surveys of the, system con-
ducted by the system itself, by a private
consultant, or by any local, State or Fed-

. eral agency, shall be kept for a period
not less than 10 years «after completion
of the sanitary suryey, involved.

(d) Records concerging a variance or
exemption granted to the system shall
be kept for & pgriod ending not less than

- & years following the expiration of such -

variance or éxemption.

. * e
.

aterial facts regarding the . T R

‘

’

»

chemical analyses madé pursuant to this’

ve

e -
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recorded by the supplier pursuant.to * determines nd indicates in writing to

§ 141.31(a) and § 141.33(a). The supplier . the public water system that no
‘unreasanable risk to health existed

FROM p. 57332:

ENVIRONMENTAL PROTECTION
AGENCY

shall report to the State its compliance’
- with the conditions specified in this
paragraph and a summary of the
corrective action taken to resolve the
prior positive sample result. If a positive
routine sample is not used for.the -

under the conditions of this
umodification, This detefmination should
be based upon a numbet of factars hot
limited to the following: () the system
provided and had maintgined an aclive

QO CFR Part 141 monthly calculation, another routine _disinfectaht residual in the distribution
(FRL 1828-7] sample must be analyzed for compliance °system, (2) the potential for
=y purposes. This provision may be used < contamination as indicated by a

Interim Primary Drinking Water
Regulations; Amendments

AGENCY: Envimnﬁental Protection
Agency (EPA).
AcTiON: Finalrule. | . -«

EFFECTIVE DATE: Tlitge amgndments to
the regulations will Qe effective August
27.1980 except that sodium monitoting
and reporting, determination of the
types of materials in distribution
systems, and monitoring and reporting
corrosivity characteristics willbe -
effective 18 months following the date of
promulgation. The sodium and corrasion
requirements must be completed wilhin
12 months foliowing'the effective daté:.

a

73]

47 Amending § 141.14 (a)(1), (b)(1)(i).
(b}2)(i}: and revising (d) to read as
follows: .

$141.14 Maximum microblological

- contaminant levels,

[

®

*

“

(a * & & _
(1) One per 100 milliliters as
arithmetic mean of all samples
examined per compliance period

pursuant o § 121.21(b) or (c}. except

the -

* .that, at the primacy Agency's discretion

systems required to take 10 or fewer

samples per month may be authorized to

« . exclude one positive routine sample per

N fngnth from the monthly calculation if: *

(i) as approved on a case-by-case basis

.. - the'State determines and indicates in

~

writing ta the public water system that
no unreasonable risk to health existed
under the conditions of this -~
modification. This determixation should
be based upon a number of factors not
limited to the following: (A) the system
provided and had maintained an active
disinfectant residual in the distribution
system, (B} the potential fors,
contamination as indicated by &',

“#% " sanitary survey. and (C) the history of

the water quality at the public water
system (e.g. MCL or monitoring .
violations); (ii) the supplier initiates a
check sample on each of two
consecutive days from the same
sampling point within 24 hours after
notifiéation that-the routine sample is
positive, and each of these check

— ~only once during two consecutive

o compliance periads.

(b)) * * *

(i) More than 10 percent of the
portions (tubes) in any one month *
?u‘rsuant to § 141.21 (b) or (c) except
hat, at the State's discretion, systems
required to take 10 or fewer samples per
month may be authorized to exclude one
positive routine sample resulting in one
or more positive tubes per month from
the monthly calculation if: (A) as
approved on a case-by-case basis the
State determines and indicates in
writing to the public water system that
no unreasonable risk to health existed
under the conditions of this
modification, This.determination should
be based upon a number of factors bt
limtted to the following: (1) the system
provided-and had maintained an active
disinfectant residual in the distribution
. system. (2)-the potential for

s contamination as indicated by a ,
sanitary survey, and (3} the-history-of——

the water*quality at the public water
system {e.g. MCL or monitoring - .
violations); (B) the supplier initiates a
°check sample on each-of-two -
consecutive days from the sampling
point within 24 hours after notification
that the routine sample is pasitive, and
each of these check samples is negative;
and (C) the original positive.routine
sample ig reported and recordet by the
- supplier pursuant to'§™41.31(a) and
§ 141.33(a). The supplier shall report to
the State jts compliance with the
conditions specified in this paragraph
and report the action taken to resolve
 the prior posilive sample result. If a
positive routine sample is not used for
the monthly calculation, another routine
sample must be analyzed for ompliance
purposes. This provision may be used
only once during two consecutive

. compliance periods.

(b)2) * = *

(i) More than 80 percenttf the
portions (tubes) in any month pursuant

« to § 141.21 (b) or (c),'except that, State

discretion, 8ystems required to take 10
or fewer samples per month may be
authorized to exclude one positive
routine sample resulting in one or mcre
positive tubes per month from the

samples is negative; and (iii) the original ~monthly.calculation if: (A) as approved

positive routine sample is reported and

IToxt Provided by ERI

on a case-by-case basis the State

sanitary survey; and {iii) the history of
the.water quality at the public water
system (e.g. MCL or monitoring
violations); (B) the suppliér initiates two
consecutive daily check samples from
the same sampling point within 24 hours
after notification that the routine sample
is positive,and each of these check
samples is negative; and (C) the original
positive routine sample is repor’ed and
recorded by the supplier pursuant to

§ 141.31(a) and § 141.33(a). The supplier
shall report to the State its comphance
with the conditions speciiied in this
paragraph and a summary of the
corrective action taken to resolve the

. prior positive sample result. If a positive

routine sampl'e‘.nl?nojﬁused for the
monthly calculation, énqther routine
sample must be analyzed for compliance
purposes. This provision may be used
only once during two consecutive
compliance periods. :

" (d) If an average MCL violation is

- caused by a single sample MCL

violation, then the case shail be treated .
as one violation with respect to the
public potification requirements of ~ ~
§ 141.32, “ <

8. Amending § 141.21 (a) and (c} to,,
read as follows and adding (i):

§ 141.21 Microblological contaminant -
sampling and analytical requirements:__

(a) Suppliers of water for community:
and non-community water systems shall
analyze or use the services of an
appfoved laboratory for coliform
bakteria tp determine compliance with
§ 441.14. Analyses shall be condlcted in
accordance with the dnalytical
recommendations set forth in “Standard
Methods for the Examination of Water
and Wastewatet,” American Public
Health Association, 14th Edition,
Method 9084, Paragraphs 1. 2 ahd 3—
pp. 916-918; Method 908D, Table 908: I—
p. 923; Method S09A, pp. 928-935, or

* "Microbiological Methods for

Monitoring the Environment, Water and
Wastes,” U.S. EPA, Environmental  °
Monitoring and"Support Laboratory,
Cincinnati, Ohio 45268—EPA-+600/8-78-
017, Decetpber 1978. Available from
ORD Publications, CERL U.S. EPA,
Cincinnati, Ohio 45268. Part IIL Section

7-33
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B 1.0 through 2.6.2, pp. me-upz.;:f
through 2.7.2(c), pp. 112-113; .
Section B 4.0 through 4.6.4(c), pp. 114-°
118, except that a standard sample size
shalbbe employed. The standard sample
used in the membrane filter procedure
shall be 100 milliliters. The standard
sample used in the 5 tube most probable
number (MPN) procedure (fermentation ~
tube method) shall be 5 times the
stenderd portion. The standard portion
is either 10 milliliters or 100 milliliters as
described in § 141.14 (b) and (c). The

samples shalf be taken at points which
are representative of the conditions
within the distribution systeni.

{c) The supplier of water for a non-
community water system shall be
responsible for sampling coliform
bacteria in each calendar quarter that
the system provides water to the public.
Such sampling shall begin within two
years after promulgation. The State can
adjust the monitoring frequency on the
basis of a sanitary survey, the existence
of additional safeguards such as a
protective and enforced well code, or,
accumulated analytical data, Such
frequency shall be confirme
modified on the basis of s
surveys or data. The |
be reduced until thé non-community
water system had performed at least one
coliform analysis of its drinking water
and shown to be in compliance with
§ 141.14. ‘

(i) The State has the authority to
determine compliance or initiate
enforcement action based upon
analytical results or other ififormation

representatives and agencies.
9. Amending § 141.22(a) to read as

- follbws and adding (e):

§141.22 Turbidity sampling and analytical
requirements.

{a) Samples shall be taken'by
suppliers of water for both community
and non-communjty ,water systems at a
representative entry point(s) to the
water distribution system at least once’
per day, for the purpose of making

. turbidity measurements to determine

compliance with § 141.13. If the’State
détermines that a reduced sampling
frequency in a non-community system
will not pose a risk to public health, it
can reduce the required sampling
frequency. The option-of reducing the
turbidity frequengy shall be permitted
only in those public water systems that
practice disinfection and which
maintain an activp residual disinfectant
in the distribution system, and in ti}gse

o 34
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cases where the State hus indicated in.
writing that no unreasonable risk to
health existed under the circumstances
of this option. The turbidity
measurements shall be made by the
Nephelometric Method, in accordance
. with the fecommendations set forth in
“Standard Methods for Examination of
Water and Wastewater,” American
Public Hgalth Association, 14th Edition,
pp- 132-134; or Method 180.1,1-
Nephrametric Method,
* . . . . N
[e) The State has the authority to
determine complidnce or initiate
enforcement action based upon
-analytical resulte‘or other information
compiled by. their sanctioned .
representatives and agencies.
10. Amending § 141.23(a)(3), adding
- {a)(4) and amending {f) (1) through (10)
to read as follows:

§ 141.23 Inorganic chemical sampling snd
analytical requirements.

(a) . & &

(3) For non-community water systams,
whether supplied by surface or ground
gources, analyses for nitrate shall be
completed by December 24, 1980. These
analyses shall be repeated at intervals
determined by the State.

(4) The State has the authority to
determine compliance or initiate .
enforcement action based upon
analytical results and other information
compiled by their sanctioned

representatives and agencies.
* . * o 0@ «
e > : o
(1) Arsenic—Method * 206.2, Atomic
» Absorption Furnace Technique;or  °
Method * 208.3, or Method ¢ D2972-78A,

or Method 2301.A VII, pp..159-162, or

<

. Method 31-1062-78, pp. 61-83, Atomic

Absorption—Gad¢ous Hydride; or
Method *206.4, or Method 4 D-2972-78A,

~ or Method *404-A and 404-8(4),

1*Methods of Chemical Analysis of Water and
Wastes.” EPA Environmental Monitoring and
Support Labogatory. Cincinnati, Ohio 45288 (EPA~
600/4- March 1979, Available from ORD .
Publications, CERI, EPA, Cincinnati, Ohio 45268, For
spproved analytical procedures for matals, the

« technique applicable to total metals must be used. . .

*“Standard Methods for the Examination of
Water and Wastewater.” 14th Edition, American
Public Health Association, American Water Works
Associations Water Pollution Control Federation,
1976. .

1+ 3Techniques of Water—Resources Investigation
of the United States Geological Survey. Chapter A~
1, “Methods for Determination of Inorganic

ubstances in Water and Fluvial Sediments,” Book

1979, Stock #024-001-0317759, Availabla from
Superintendent of Documents, U.S. Govarnment
Printing Office. Washington, D.C. 20402.

¢ Annual Book of ASTM Standards. part 31 '
Water, American Soclety for Testing and Materlals,
1978, Rece Street, Philadelphia, Pennsylvania 10103.

1]

Spectrophotometric, Silver . ° »
Diethyldithiocarbamate. “x

(2) Barlum—Method ! 208.1, or
Method * 301-A IV, pp. 152-155, Atomic
Absorption—Direct Aspiration; or
Method ! 208.2, Atomic Absorption

Furnace Technique.

(3) Cadmium—Method ! 213.1, or
Method ¢ 3557-78A or B, or Method ?
301-A 1l or III, pp. 148-152, Atomic
Absorption—Direct Aspiration; or
Method ! 213.2, Atomic Absorption
Furnace Technique.

(4) Chromium—Method * 218.1, or
Method ¢ D-1687-77D, or Method 2301~
A l or I, pp. 148-152, Atomic |
Absorption—Direct Aspiration; or
Chromium—Method *218.2, Atomic
Absorption Furnace Technique.

(5) Lead—Method *239.1, or Method *
D-3559-78A or B, or Method ?301-A 1l
or 111, pp. 148-152, Atomic Absorption—
Direct Aspiration; or Method ' 239.2,
Atomic Absorption Furnace Technique.

(6) Mercury—Method ! 245.1,"or
Method ¢ D-3223-79, or Method 2301-A
VI, pp. 156-159, Manual Cold Vapor
Technique; or Method ! 235.2,
Automated Cold Vapor Technique. ,

(7) Nitrate—Method '352.1, or
Method™ D-492-71, or Method 2419-D,
pp. 427429, Colorimetric Brucine: or
Method ?353.3, or Method ¢ D-3867-79B,
or'Method ?419-C, pp. 423427, .
Spectrometric, Cadmium Reduction;
Method !353.1, Automated Hydrazine
Reduction; or Method * 363.2, or
Method ¢ D-3887-79A, or Method 2605,
pp. 620-624, Automated Cadmium
Reduction.

(8) Selenium—Method * 270.2, Atomic
Absorption Technique; or Method !
270.3; or Method, ? 1-1667-78, pp. 237-239,
or Method,* 9-79, or Method 2301~
A VI, pp. 159-462, Hydride
Generation—Atomic Absorption
Spectrophotometry. )

(9) Silver—Method *272.1, or Method ?

- 3g1-A 11, Atomic Absorption—Direct
Aspiration; or Method !272.2, Atomic
Absorption Techniques Furnace

Technique.
(10) Fluoridé—Electrode Method, or
SPADNS Methtd, Method 2414-B and C,

pp. 391-394, or Method '340.1,
*Colorimetric SPADNS with Bellack

" Distillation,” or Method * 340.2,

“Potentimetric Ion Selective Electrode;”
or ASTM Method *D1178-72; or
Colorimetric Method with Preliminary
Distillation, Method 2603, Automated
Complexone Method (Alizarin Fluoride
Blue) pp. 614-616; or Automated
Electrode Method, "'Fluoride in Water
and Wastewater," Industrial Method
380-75WE, Technicon Industrial .
Systems, Tarrytown, New York 10591,
February-1976, or “Fluoride in Water

-
) e

-
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and-Wastewater Industrial Method
#129-71W,” Technicon Industrial
Systems, Tarrytown. New York 10591,
December 1972; or Fluoride, Total,

. Colorimetic, Zirconium—Eriochrome
Cyanine R Mathod ~1-3325-78, pp.

35?‘]??\7!'11ending §141.24(a)(3), (e) and (f) .

to read as follows:

§ 141.24 Organlc chemlcal sampling and

anafytical requirements.

@ (a) * 'I - ;

(3) The State has the authority to
determine compliance or initiate
enforcement action based upon
analytical results and other information
compiled by their sanctioned
representatives and agencies.

(e) Analysis made to determine
compliance with § 141.42(a) shall be
made in accordance with “Methods for
Organochlorine Pesticides and
Chlorophenoxy Acid Herbicides in
Drinking Water and Raw Source
Water." available from ORD
Publications, CERI, EPA, Cincinnati,
Ohio 45268; or "Organochlorine
Pesticides in Water,” 1977 Annual Book
of ASTM St rds, part 31, Water,
Method D3088; or Metnod 509-A, pp.
555-565: ? or Gas Chromatdgraphic
Methods for Analysis of Organic
Substances in Water.* USGS, Book 5.
Chapter A-5, pp. 24-39.

(f} Analysis made to detefmine
compliance with § 141.12(b) shall be
conducted in accordance with “Methods
for Organochlorine Pesticides and

** Chlorophenoxy Acid Herbicides in
Drinking Water and Raw Sourcs
Water," available from ORD .
Publications, CERI EPA, Cincinnati,
Ohio 45268: or "Chlorinated Phenoxy
Acid Herbicides in Water,” 1977 Annual
Book of ASTM Standards. part 31,
Method D3478; or Method 509-B. pp.
555-5692; ? or Gas Chromatographic
Methods for Analysis of Organic
Substances in Water,* USGS, Book 8,
Chapter A-3, pp. 24-39.

$141.25 [Amended] .

12. Amending § 141.25 to add (e):

(e) The State has the authority to
determine compliance or initiate *
enforcement action based upon
analytical results or other information

" compiled by their sanctioned
representatives and agencies.

13. Amending § 141.27(a) to read as

¥ foilows: e ~

_— Y

$Techniques of Water—Re}ourceiinvestigation
of the United States Ceologi urvey. Chapter A~
3. “Methods for Analysis of Organic Substances in
water.” Book 5. 1972, Stock ¥2401-1227. Availabls
from Supenntendent of Documents, U.S.

Government Printing Office, Washington. D.C. . State or the Administrator is entitled to

20402, .

. Q ‘
‘ERIC .
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o

- (d) The water supply system, within

-4 141.33 hereof or

v

§ 14127 Alumau‘ analytical techniques.
(a) With the written parmission of the
State, concurred in by the Administrator

of the U.S, EPA, an altesnate analytical
lechnique may be emplcyed. An
alternate technique shall be accepted
only if it is substantially equivalent to
the prestribed test in both precision and
accuracy as it relates to the
determination of compliance with any
MCL. The use of the alternate analytical
technique shall not decrease the

. frequency of monitoring required by this

part. .
14, Amending § 141.28 to read as
follows: '

§ 14128 Approved laboratories.

(a) For the purpose of determining
compliance with § 141.21 through
§ 141.27, samples may be considered
only if they have been analyzed by a
laboratory approved by the State except
that measurements for turbidity, fgee

_chlorine residual, temperature and pH

may be perfoted by any person
acceptable-to the State.-

(b) Nothing in this Part shall be
construed to preclude the State or any
duly designated representative of the
State from taking samples or from using
the results.from such samples to
determine compliance by a supplier of
water with the applicable requirements
of this Part.

15. Amending § 141.31 (a) and (c) and
adding paragraphs (d) and (e) to read as
follows: . )

§ 141.31 Reporting requirements.

(a) Except where a ghorter period is
specilied in this part, the supplier of
water shall report to the State the
results of any test measurement or
ghalysis required by this part within (A)
the first ten days following the month in
which the result is received or (B) the
first ten days following the end of the

required monitoring period as stipulated .

by the State, whichever of these is

ten days of completion of each public
notification required pursuant fo

§ 141.32, shall submit to the State a
representative copy of each type of

. notice distributed, published, posted.

and/or made available to the persons
served by thé system and/or to the
media.

(e) The water supply system shall
submit to the State within the time
stated in-the request. copies of any
records required t% be maintained under

opies of any
documents then ig existence which the

inspect pursuant to the authority of-

2 7". ’
A,

§ 1445 of the Safe brinking Water Act or
the equivalent provisions|of State law.

16. Amending § 141.32 {b)(3) and (d) to

_ read as follows: P
§ 141.32 Public notification.
- - L] - -
(b) " 8 @

(3) Except that the requirements of
this subsection (b) may be waived by
the State if it détermines that the
violation has been cogrecled promptly
after discovery, the cause of the
violation has been eliminated. and there
is no longer a risk to public health.

(d) If a non-community water system
fails to comply with an applicable MCL
established in Subpart B of this part,
fails to comply with an applicable
testing procedure established i Subpart
C of this part, is granted a var.ance or

_an exemption from an applicable MCL, .

fails to comply with the requirements of
any schedule prescribed pursuant ‘o a

. variance or exemption. or[ails to

perfornr gny monitoring requirement
pursuant to section 1445(a) of the Act,
the supplier of water shall giye noticen

by continuous posting of such failure or

granting of a variance or exemption to
the persons served by the system as
long as the failure or granting of a
variance or exemption coritinues. The
form and manner for such noticés shali
be prescribed by the State|and shall
ensure that the public using the system
is adequately informed of he failure or
granting 9}' the variance orjexemption.

1- Amending Subpart Elto read as
follows:

Subpart E-Special Monitoring

Regulations for Organic Chemicals
and Otherwise Unregulated
Contaminants

§141.0 Special monlitdring for sodlum.

(a) Suppliers of water for com nunity
public water systems shall|colledt and
analyze one sample per plant at the
entry point of the distribution system feor
the determinatjon of sodiu;h
concentration levels; samples must be
collected and analyzed annually for

_systems utilizing surface wrter sources

in whole or in part, and at least every
three years for systems utilizing solely
ground water sources. The minimum
number of samples required to be taken
by the system shall be based on the*

-" number of treatment plants used by the \

system, except that rfultiple wells
drawing raw water from a single aquifer
may, with the State approval. be
considered one traatment plant for
determining the minimum number of
samples. The supplier of water may be
required by the State to collect and
analyzg water samples fur sodium more

-

Ve

.
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frequently in locations where the
sofliuth content is variable.

{b) The supplier of water shall report
to EPA\and/or the State the results of
the analyses for sodium within the first

10 days bf the month following the, »
month in\which the sample )Kw;jware

plantjfor analysis for each plant using
grougd water soutrces ot more if
requided by the §tate. The minimum
number of samplps reuui&red to be taken
by the system shall be based on the
number of treatmgent plants used by the
system, except thiat multlple wells
drawing raw wafer froma single aquifer
may, with the State approval, be
considered one treatment plant for
.determining the finlmum number of
samples. .

(2) Determlnation of the eqrrosivity

characteristics of the water shall include
. measurement of pH, calcium hardness. -
alkalinity, temperature, total dissolved
solids (total filterable residue). and
calculation™of the Langelier Index in *
accordance with paragraph (c) below.
The deterrhination of corrosivity
characteristics shall only include one
round of sampling (two samples per
plant for surface water and one sample
per plant for ground water sources).
However, States may require more
frequent monitoring as appropriate. fn
addition, States have the discretion to
require monitoring for addltional
parameters which may indicate
corrosivity characteristics, such as
sulfates and chlorides. In certain cases,
the Aggressive Index, asdescribed in -
paragraph (c), ¢an be used instead of the
Langelier Index; the supplier shall
requést in writing to the State and the
State will make this determination.

(b) The suppller of water shall report
to EPA and/or the State the results of
the analyses for the corrostvity
characteristics within the first 10 days of

~ the month following the month in which
the sample results were received. If
-more frequent sampling is required by

the v{ter shall cpllect one sample per

received br within the first 10 da
following the end of the require
monitoring period as stipulated by the
State, whichiever of these is first. If more
than annual\sampling is required the .
supplier shal{ report the average sodium
concentration within 10 days of the
month followihg the month in which the
analytical results of.therlast sample used
for the annual i
The supplief o .
por\ the results to EPA
the State hgs adopted this
regulation and resjylts are reported to
the State. The supglier shall report the
results to EPA whete the State has not.
adopted this regulation.

(c) The supplier ofiwater shall notify
appropriate local and State public
health officials of the\sodium levels by
written notice by diregt mail within
three months. A copy &f each notice
required to be provided by.this
paragraph hall be sent to EPA and/or
the State within 10 days of its issuance.
The supplier of water is'not required to
notify appropriate local 3nd State public
health officials of the sodjum levels

* where the State provides such notices in
lieu of the supplier.

(d) Analyses for sodium shall be

erformed by the flame photometric
fpnethod in accordance with‘the
procedures described in “Standard
Methods for the Examination of Water
and Wastewater.” 14th Editidn. pp. 250~
253:.0r by Method 273.1, Atomic
, Absorption—-Direct Aspiration or

the data and shall report each value
within 10 days of the month following
the month In which the analytical results
of the lagt sample was received. The
supplier of water shall not be required

Graphite Furnace, in "Method i for
Chemical Analysis of Water and _
Waste,” EMSL, Cincinnati, EPA} 1979; or
by Method D1428-84(a) in Annual Book
of ASTM Standards, part 31, Water. to report the results to EPA where the
18. Adding a § 141.42 to read a State has adopted this regulation and
follows: o results are reported to the State.

. ; (c) Analyses conducted to determine
§'141.42 Speclal monitoring for cdrrosivity,, the corrosivity of the wates.shall be ™
Characteristics. . ! made in.accordance to the following

{a) Suppliers of water for community methods; ;
public water systems shall collect (1) Langelier Index—"Standard
samples from a representative ep Methods for the Examination of Water*
point to the water distgihution system
for the purpose of analysis to determine
the corrosivity characteristics of &\
water, :

(1) Thesupplier shall collect two

203, pp. 61-63. M
(2} Aggressive Index—"AWWA
Standard for Asbestos-Cement Pipe, 4
~_in, through 24 in. for Water and Other
“samples per plant for analysis foreach  “Liguids,” AWWA C400-77.Revision of
plant using surface water sources *. _ C400=75, AWWA, Denver, Colorado.
wholly or in part or more if required by (3) Total Filtrable Residue—"Standard
the State; one during mid-winter and Methods for the Examination of Water
one during mid-summer. The supplierof  and Wastewater.” 14th Edition, Method

A N
-’"’36 . ) . A 7{)} '
. b b

and Wastewater,” 14th Edition, Method

~

208B, pp. 92-93; or "Methods for *
Chemical Analysis of Water and
Wastes," Method 169.1. .
(4) Temperature—"Standard Methods
for the Examinatio~ of Water and
astewater," 14th Edition, Method 212!
p. 125-126. R
(5) Calcium hardness—EDTA

Titrimetric Method "Standard Mé'ﬂié:dl

for the Examination of Water and

» Wastewater,” 14th Edition, Method

309B, pp. 202~206; or “Annual Book of
ASTM Standards,” Method D1126-67
(B)Q - -

(6) Alkalinity—Methyl Orange and
paint pH 4.5. “Standard Methods for the
Examination of Water and
Wastewater.” 14th Edition, Method 403,
Pp. 278-281; or “Annual Book of ASTM
Standards,” Method D1067-70B; or
“Methods for Chemical Analysis of
Water and Wastes.” Method 310.1.

(7) pH—"Standard Methods for the
Examination of Water and
Wastewater.” 14th Edition, Method 424,
pp. 460-465: or “Methods for Chemical
Analysis of Water and Wastes,” Methoc
150.1: or "Annual Book of ASTM >
Standards,” Method D129378 Aor B.

(8) Chloride—Potentiometric Method
“Standard Methods for the Examination
of Water and Wastewater," 14th
Edition, p. 308.

(9) Sulfate—Turbidimelric Method,
"Methods for Chemical Analysis of
Water and Wastes,”" pp. 277-278, EPA,
Office of Technology Transfer,
Washington. D.C, 20460, 1974, or
“Standard Methods for the Examination
of Water and Wastewater.” 13th
Edition, pp. 334-335, 14th Edition, pp.
496498, )

(d) Community water supply systems
shall Identify whether the following,

the State, the suppller can accumulate _s#eonstruction materials are present in

their distribution system and .eport to
the State; 5

¢ Lead from piping, solder, caulk:ng,
interior lining of distributlon mains,
alloys and home plumbing. '

o Copper from piping and alloys,
gervice lnes, and home plumbing.

¢ Galvanized piping, setvice lines,
and home plumbing,

¢ Ferrous piping materials such as
cast iron and steel. *

* Asbestos cement pipe.
In addition. States may require
identification and reporting of other
materials of construction present in
distribution systems that may contribute
contaminants to the drinking water:
such as: :

¢ Vinyl lined asbestos cement pipe.

¢ Coal tar lined pipes and tanks.

Appondix A—R'eSponse t’l’ublic Comments

Comments submitted to the Agency and
statements presented at the public hearing in

P




. GUIDELINES FOR ~
, 'INSTRUCTIONAL PACKAGE WORKSHEET
J

- -

1™ SUBJECT MATTER: Chlorine Determinations and Turbidity

II. UNIT OF INSTRUCTION: Summary of Topic Presentation
III. ESTIMATED TIME: 7§'minutes
IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The participant may be ~-
responsible for this determ1nat1on to meet Nater Quality Control Program .
requirements. : .
V. ENTRY LEVEL BEHAVIOR: B
A. None required.

_VIT INSTRUCTIONAL OBJECTIVE:

) A. Terminal Behavior: The participant will hearn about chlorination pro-
ducts and terminology, and the chemistry involved in chlorine determina-
tions by iodometric analyses and DPD methodology. The participant will

) know pertinent facts about turb1d1ty and procedures to determine turbid-
ity. ) - -
. B. Conditions: The participant will be given two outlines: ﬁes1dua1
' Chlorine and Turbidity (manual) and Chlorine Determinations -and
- Their Interpretation, (handout) and 75 minutes of classroom presenta-
' tion. -
Ny A _ -
C. Accepted Performarice: In attendance to the lecture covering subject
material.
VTI"‘TNSTRUCTTONAL RESOURCEil ~ W )
A. Ava1]ab]e Media:

U 'dma 1pw 1a711.80

B.

1. Amperometric Determination of Total Residual Chlorjne
(14th edition Standard Methods, page 318.)

2. Calibration and Use of a Turb1d1meter (Nephe]ometer)
(1974 EPA Methods for Chemical Analysis, p. 295)

3. Tra1n1ng Manual Outline: Chlorine Determinations and Turbidity

* 4, Handout Trainiﬁg‘OutlineE Chlorination®nd Chlorine .Determinations

5. Thirty-six slides, X-21:f Chlorine (See XI. Description of Visual

Mater1als) A ] : -

i

6. Ten slides, X-30: Turbidity (See XI Desériptipn of Visual

Materials). — ‘ X !

.

Suggested Media: toL )

1. None .

-\ T ) 8-1

S




VIII.
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B.

_INSTRUCTIONAL APPROACH: - s "L

A. Preparation for Instruction:

"

1,
' . (\H - . p
‘Sggyenc1ng. ; e - o

S]ides are series X-21: Chlorine .

Part1c1pants should use the Training Outline, ‘* Lnlor1nai1on and
Chlorine Determinations" as a reference for this informatjon.

1.

b. Means_of chlorination - slide 2

Review availéble media and-visual materials and prepare lesson.

Classroom instruction on eh]or1nat1on, using slides to discuss
the first 3 Sections of the outline in the training,manual.

a. Introduction about bactericidal use of chlorine - slide 1

c. Effects of applying ch]oring,gas - slide 3, 4
d. Effects of applying calcium hypochloride - slide 5, 6

e.. Ammonia-reactions with hypochlirous acid produce
. chloramines -~ slide 7, 8

f. Side reactions reduce availability of chlorine for
disinfecting'purposeé - sTide 9

df Chlorination produbts that have disinfection pbwers - slide 10 -,

h. Stress the meaning of the terms related to chlorine residuals -.
s11de 11, 12, 13 .

’”

i. Factors affecting d1s1nfect1on - slide 14 °
j." It is convenient to use a blank s{;de (15) here.

Classrogm overview of recognized chloripe determinations, using .

headings in training manual sections on "Iodometric Analyses" .
and “DgD Methodology", then the summary of "Compliance

Methodo]ogy" .

Classroom instruction on the chemistry'fnv&]ved in direct -

_ jodometric titrations to determine free, combined or total

chlorine. This series of slides presents facts about the

_ chemistry of the method with pictures of an analyst doing

each step using an amperometric titrator. Presentation -

"~ of the direct method gives an opportunity to teach the

chemistry involved and also to re-enforce mastery of the . -
meaning of-'the terms "free", "combined".and "total" residual

chlorine. However, for wastewaters the indirect or back titration

is to be used, If participants will routinely analyze waste-

~. 7
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water,, you can still use these slides to teach the chemistry
ﬁnvolved and the meaning of tHle above terms, but ‘spend more
" time 'on the actua] steps to do a back titration (next topic).

a. Types of chlorine - slide' 16 S , e
b. Role of phenylarsin oxide - slide 17 ‘ '
£ Picture,oﬁ.titratioﬁ'eqﬁipﬁent - slide 18 -
d. pH for types - slide 19 . R ./_‘ . -
e. :Principie for free chlorine - slide 20 - ’
£, 1ml pH 7 buffer has been ‘added and current +flows,
pointer to -right - slide: 2;
g. PAO reduces, qurrent reduced - slide 22
--h. ‘Adjust pointef'éo right - slide 23 ‘
i. More PAO, current rediced - slide 24
j. Needle stops, take'nggding - slide 25 . “

k. More PAO. When needle stays stopped, ti's end: (slide 26 -
is same as slide 25 to show needle staying same) - slide 26 } -

-\

.1.. 0.00564N PAO re]ated to chlorine for a 200 ml sample - slide 27 (/ i

m. PAO related to free chlorine at pH 6,5 - 7 5 =_slide 28
“ n. Cqmb1ned chlorine may be present - slide 29
0. Utilize chlorine - iodide reaction - slide 30

~p. Need pH 4 and potassium iddide - slidé 31 .

q. Combinéd’ch]oringifé]eases }odine = slide 32

s. Add pH 4 buffer - slide 34

‘t, Repeat titration procedure.as for free chorine; when needle
stays at ongﬁglace, it is the end point = s]ide 35 T

“w

u. Add resﬁ]ts for free and for comb1nedach]or1ne to giye total. e
Stress: can do total in one step by d?né’KI and pH 4 buffer
. ~d1rect]y to sample - &lide 36--

, -
’?ﬁ‘ ’.‘Y?*"' 8-3
3
- 75
N ~ -

r: .Add KI so]ution (crysta]s may be used-1nstead‘of so]ut1on)- slide 33 ’j>§ﬁg

N
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4. Classroom instruction on 1nd1rect “(back-titration) iodometr1c
procedures to determine total chlorine.

a. Reason for indirect

b. Same principles as direct method. Stress additional step
uS1ng jodipe t1trant and end’' point signal is, reversed.

5. Clagsroom instruction on- DPD Method

PR

a. Chemistry involved to produce color
b. Titration methbd, stfgssing end point signal
c. Spect(oﬁhotometric method

, 8. Summary of methodology recognized for compliance monitoring’
: — -
Series X30: Turbidity . 3

!

1. Classroom instruction on Turbidity:

‘a. .S1ide*X30-1: Cause
"_b. Slide X30-2: Wny measure turbidity
e - - ¢.” Slide X30-3: Holding Time for samples
. d.. Slide XBO 4: History of Measurement‘
N 2.:;Regu1at1ons - NPDES and Water Supp]y

v 3. Acceptable 1nstrumentat1on y
¢
a. Slides.X30-5 ‘to X30- 6. Nephe]ometry
*, b. Slides X30-7 to X30-9: Formazin Standards

/

S -'é(g”S]ide X30-10: Interferences
. T4, $umﬁ§ry - ' -
IX. IPW éQUIPMENT AND SUPPLY'REQUIREMENTS:

A. Classroom Equipment and Supplies |

1. Slide projector and supplies . -

2. Blackboard "and chatk

— I

. : ) [ —
» X. IPW REAGENT REQUIREMENTS. L

o <

'O . A7 None réquired

L
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ESCRIPTION OF VISUAL MATERIALS: . a
Series X-21: Chlorine, (36 slides) - Coe ' .
- . 1. Slide X21-1: Cartoon-type of draw1ng showing ﬁTant operator
p kﬂhng d1sease organisms w1th c\;‘forme
. 2. S)ide X21-2: : Means of Chlorination - Chibring gas, Chlorine )
e gas dissolved in water and Calcium hypochlorite
. 3. Slide X21-3: Effects of Ch}o}1nat1on - Chlorine gas, Chlorine
: ~gas a¥sso]ved n water-tpH Decrease
. 4. STide X21-4: Produts: of Cly: W' Hydrogeri fon, C1”
wf\- : Chloride fon, ° HOCT hypochlorous acid " + 0C1”
- .5, Slide Xél-S: "Effe of Ch]or1natqon - Calcium hypoch]or1te >"
N " PH Increase ) . .
< b ‘S]1de/§2i-6 Products "of Ca(OC]) Can2 calcium ion, _
OH™ ¥ ox1de jon aﬁd HOC1 hypochlorous acid
1 > H + N
7. Slide 21 7 Ammonia
: X \ -
- 8. S]1de X21-8. Ammonia Reactions with-hypochlorite ibn - -
Monochloramines, D1ch1oram1nes, and Trichloramines
9. Slide X21-9: Demand from side react1ons i - P
10. ~ Slide X21-10: D§s1nfect1on - Monochloram1nes, D1ch]oram1nes,
ypochlorite 1on + .
11. Slide X21-11: Free Chlorine residuals .- Ch]or1ne Hypoch]orous acid,
A “and Hypoch10r1te 1on _
/
12. . Slide X21 12: Comb1ned Ch]orine -(Ch]oram1nes ' )
x ~
13. "Slide X21-13¢ Tota] res1dua] chloring = free ch]or1ne res1dua1 +
. combined ch]or1ne residual /,S; .
14. Slide X21-14: Disinfecting power - Concentrat§oh and Contact time
. 15. Siide X21-15: Blank Slide {dar o ﬂ A
16. Slide X21-16: Free Chlorine - + Comb1ned Chlorine - MG/1 —= T :
TotaJaResidua] Chlor1ne . -
17. Slide X21-17:iReducing Agent/Phenylarséne Oxide ' .
18. Slide X21- 18 Live 0//Titrat1on Assemb]y : o 0 { :
19.

Slide X21-19: Two Stage Titration - (1) pH 7 Free Ch]orine ‘Residual
(2) pH 4 Combined Ch]orine Residua]




Riad

20.

1 21.
22.

A}

§1ide'x21-20:' Current Produced/Pfoportional to Free éh]orineﬁPresent
Slide X21-21: Live of Adding Titrant, °PointerﬂtQ Right
Slide X21-22;‘1Live of Adding Titrant Current Reduced :

.3,

123, Slide X21-23: Live of Adjusting Pointer to right on sca]e R
24. Slide X21-24: Live of Adding More Titrant . ®
25. Slide X21-25: Live of Pointer at Rest ' |
26. Slide X21-26; Libe of Pointer Staying at Rest .. . . r
27. Slide X21-27:- 1 m],Pheny]arsene Oxide 1 mg/1 of Chlorine
28. 6Vide X21-28: Pheny]arsene Oxite reacts with Free Chlorine Only
29. Slide X21-29: Free Ch]orine/Combined Ch]orine 113§" T
30. Slide X21-30: Starch-Iodide Method
N ,Ch]orine Okidizes Iodide to Produce Free «~=Iodine ,
31. Slide 21 3} Combined Chlerine Determination
- PH 4 and Addition of Potassium Iodide
.32, _S]ide.XZl 32 Combined Chlorine Compouhd$\, | p
, Oxidize Iodide —Free Iodine ¥ )
33. Slide xzﬁs- Live of Adding K1 }oiution
34, USlide_x21h34*w~Liveeofsédding pH_4 Buffer -
J
'35ﬂ S1ide X21-35: Live of Repeating Titration Process - .
36. Slide X21-36: Free Chlorine - mg/1 + Combined Ch]orine - mg/l .
. *—sTotal Residual Chlorine A . Lo
. Series X-30:" Turbidity (10 slides} T
. 1. Slide X30-1: What is Turbjdity - Caused by clay-silt-plankton-other °
. ’ organic and_inorganic material and is an ,optical -
.. property - size shape, specific gravity, number. of
particles : o
2. Slide X30-2: Why Measure Turbidity - can prevent proper disinfecti/n .
. ' practice, persons object-to waters with turbidity, can
T being strial processes and equipment and:
monitor plant operations an er-bre ough
Slide X30-3: Preservation of Turbidity Samples - Must be run as soon

e @S possib]e - within one hour

o, *y
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4. Slide X30-4: Drawing: Jackson Candle Turbidimetér
5. Slide X30-5: Drawing: Nephelometer Light Path
. 6. j§1ide X30-6: Drawing-: Nephe]ometerSecondary Ligﬁt—Path S )
. 7. Slide X30-7: Formazin Polymer - Use - Solution 1. Hydraz1np Su]fate
< - . o 1.000 gram/10Q ml. turbidity free water , "
p T "Solution 2.-Hexamethylene tetramine 10 00 gram/100- m]
v T _ - turb1d1ty free water , T
' D= ' »
Lo 8._ Slide X30-8: Formaz1n Polymer - Solution 3 - Add 5.0 ml of so]ut]on 1 .
- . . ’ “ and 5.0 ml. of solutiqn 2 into a 100 ml vdlumetric flask.- :
, " : Al]oﬂ'to stnad 24 houxs at 25 ##3°C. Thén dilute to 100
. 0 e . mt mark with turbidit free water _Contains 400 NTU
- : syspension. . .

. : - °,

9. Slide X30-9: Turbidity Free Water - 1 F11ter distilled watér through .
e T . membrane filter having pore size < 100 pym. -

T ) ' 2. Check turbidity of nonfiltered water and filtered

S ) ’ water. If filtered water not have less, turbidity

— e . use d1st111ed

3 - -
A * . ' . ®
$

-10.- Slide X30-10:. Interferences - Rap1d Sett11ng Coarse Sediments,
Floating Debris, Air Bubbles, Co]or, Dirty or
Scratched- Samp]e Tubes - s

- ©

. C1 Determinations and Their Interprefat1on - PC. 11d.11. 77 : .,f/
e y’ + - /
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CHLORINE DETERMINATIONS AND THEIR INTERPRETATION ] d
__— ’ .. ® .- )
Ce ‘ & -
I INTRODUCTION N v , A exists as hypochlorite ion (OCL™). The pH

. -

value that will control is the pH value
.-reached after the addition of chlorine. .
Chlorine addition tends to lower the pH

. W
*  Chlorive normally is applied to wate®* as a
bactericidal agent; it reactas with water con- N
taminants to form a variety of products . -and the addition of alkali hypochlorites
containing chlorine. The dlft‘sgence betwee‘n, tends to raise the pH.
applied and residual chlorine ‘represents the . .
chlorine demand of thé water under conditions ‘B The inmal\~eactions on adding ch!orme to
specified. Wastewater chlorination ds-parti- * swastewaters may be assumed to be funda-
- . cularly difficult because the concentration of & mentally the same as when 8hlorine is .
organisms.and components susceptible to added to water except for the additiond -
interaction with chlorine are high and variable, comphcationa due to contaminants and
Interferences:with the c};ﬂ)rine determination their concentration.
8 i wastewater, confuse inferpretation with -

- -

.

respect to the chlorine residual at a given
tim'e and conditior’, its bactericxdal Jpotency,

Hypochlorons aéid (HOC1) reacts with
ammonia and with many other complex

S ., orits future behavior. ’ derivatives of ammonia to produce com- ,
o oo - . pounds known as chloramines, Formation .
. . R - o of the simple ammonia chloramines includes:
\ II CHEMISTRY OF CHLORINATION | : Lt - .
° <t R . " 1 NHy+HOCl — NHaCl + Hy0
. A Chlorine compounds,(Cl3) dissolvé in water, . .
‘ . ‘and hydrolyze immediately according to the monochloramine
. . redétion. ' 1 : ) T —
: . . — y 2 NHpCl + HOCl—NHClz + H.0
‘Cly + H,0 s HOCI +H' + ¢l - _ -
w ¢ - ' .7 _ . dichloramine
e ! « e :
The products of thisareaction are hypo- 3 NH,Cl +—NHClg— N, + 3 HCl
4 - chlorous and hydrochlbric acid. The - by \
'reaction ﬁreversible, Jbut-at pH values » . -
N > above 3.0 and concentrations of chlorine The distribution of the ammonia chloramines
‘ below 1000 mg/1 the shift is predominantly is dependent o/l_i pH, as illustrated below: o
o - to the right.legding to hypochlorous acid - e =
N * K3 (HOCI) . > .‘ S ‘ ~ »e
- . ’ . Percentage of Chlorine Presentas * . °
‘ Hypochlorous acidv!s‘a“weak acid and con~ ph Monochloramine  Dichloramine =~ . ~,
sequently iomzes in water according to the v . ~
° equation- - 5 16 84
¥ < - .
HOCL =% n* +0Cl ) 8 38 82
‘ ' . I3
T . . 7 65 © 35 » '
. This reaction is reversible. At a pH value * )
N of 5.0 or below almost all of the chlorine 8 85 ] 15
; . is present as hypochlorous acid (HOCI) '
, whereas above pH 10.0 nearly all of it 9 94 8 .
A ‘ PN L/ ‘\'*w.‘
. . : oo ‘ ‘
- 8. . .
- i . \‘\\\ ‘ -
. . X > 80 Q\,\"\v“\k‘l ’
Ay e . R "',_

.
Vd
K
1




' Chlorine Determinations and Their Interpretation

LY
. -

-
v v

The formation of .the ammonia chloramines
. are dependent on pH, temperature, and
chlorine-ammonia ratio. Chlorine re-
actioi’s with amino acids are likely;
- product disinfecting powers are lower
than those of chlorine or of ammonia
chloramines. —

1II TERMINOLOGY, N

/' A Terms used with Respect to Application
; Site .
1 Pre-chlorination - chlorine added
prior to any other treatment.

.

-

¢ . 2 Post-chlorination - chlorine added
after other treatment.

af

3 Split chlorination - chlorine added at
. ditferent points in the plant - may
' include pre~ and post-chlorination.

B Terms Used in Designating Chlorine
Fractions R

- ¥
. 1 Free available residual chlorine - the
4 residual chlorine present as hypo-
chlérous acid and hypochlorite ion!

2 Combined available residual chlorine -.
TN the, residual chlorine present as
" chloramines and organic chlorine con-
taining compounds. -

'3 Total available residual chlorine - the
free availgiale residual chlorine + the
T combined Available résidual chlorine -~
‘may represent fotal amount of chlorine
residual present without regard to type.
7 In ordinary usage these terms are
shortened to free:residual chlorine,
combined residual chlorine and total
. residual chlorine. In the chlorination
of wastewaters only cowed residual

chlorine is ordinaril !and is o
. ) _ often improperly-terined c ride - ¢
R s reaidual. ‘ f . '
¢ C Breakpoint chlorination lpecifically»refeu -

to the ammonia~-chlorine reaction where
applied chlorine hydrolyzes ‘and reacts to -
arm chloraqx}nea and HCl (with the

2 K N L ]

/ . . s

v

-

. chloramines eventually forming Ny + HCl1
A as in II. B.3. Assuming no other chlorine
demand, the total chlorine residual will
rise, decrease to zero and rise again with
increasing increments of applied chlorine.

Other substances may produce humps in
the applied chlorine vs residual chlorine
plot due to oxidation of materials other,
than ammonia. Sametimes these are
erroneously considered as a breakpoint.

o
IV IODOMETRIC TITRATION ANALYSES(1:2)

Iodometric titration using eitheran * .
amperometric or a starch-iodine

end point determihes chlorine residual.

The relative advantages gf a specific
determination depend upon the form in which
the reactable chlorine exists and the amount
and nature of interferences in the water.

A Amperometric Titration - Direct Method
o 1 Scope Emd application

» This metﬁ:d is applicable to the.
determination of free, combined or
total residual cl-ilvorine in all types of
water ‘and wastewaters that do not,
caontain substantial amolints of organic

. matter.

.
L

2 Sqmmary of Method: °
’
When the cell of the titrator is immersed
ina samfle at pH 7.0, the cell unit pro-
duces mall direct current if free
ehlorine (an oxidizing-agent) is present.
As phenylarsine oxide (PAO) solution
ig added, \it reduces.the free chlorine,
:When all the chlorine is neutralized; the
+  generation of current ceases. At this
end point, ithe microammeter pointer on
. theapparatus no ldnger denecta )

down-scale, i ,@

To debermine combined chlorine. pH 4.0,
buffer and potassium icdide atre then-
. add;d td the sample, FEree iodine

~

iy réleased by the combined chlorine‘also

causes the cell to prodice -a small direct

current,* Addttion ‘of PAO réduces the

free iodine and the generation of current
., ceases. Again, the end point occurs
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A .*when the ngicroammeter‘pointer no - ° , Any form of chlorine present will o
. lonw defllects down-scale. . . stoichiometrically liberate iodine A
. ° ., wlnch immediately reacts with the )
- in either titration, the amount of PAO "+ - PAO before gignificant amounts are © .
- '7_’ P reducmg.agent‘used {oareach the end - lost to reactions with organic matter
L= L - .. pointis.ultimately st,otchiometrically - -~ ~ - ~inthe sample.. . . .~ . _ _ . - N
T / proportional to chlorine present in the 4 ’ .
T T4, symple, ThegBum of the free and Y , ‘When the cell of 'theamperometric ,
o combined chlorine is the total residual ‘ ™ titrator is. 1.mmersed in a saniple so
. < chlorine in the sample,’ | N : treated, no current is generated since
’ . L . neither free chlorine nor free lodine
. Total residua} chlorine can be deter~ ~~ . - is present. . . .
by ) mined directly by adding pH 4. 0 buffer « . -
¥ ’ and potassium iodide to the saniple The amount of PAO used to reduce the”
- " before beginning thie titration, Any . liberated iodine is then determined by -
e~ free or- combined chlorine present will = - t1trat1ng the excess with' a standard PR
) . stoichiometrically liberate free iodine * N iodine solution, No curfent is generated
- which is then reduced with PAO - - “until all the excess PAO has been : p
e titrant. The amount of PAO titrant .oxidized by the iodine, At this end .
T w used measuges the total amount of g,ree point the next small addition of iodine -
’ ¢ and combined chtorine onganall& T . causes current to be. generated and the
* - present in the  sample, . microammeter pointer permanently
i L deflects up-scale. <7
¥ 3 Interferences o - S -
t . R The éxcess PAO thus measured is
i a Organic matter reacts w1th liberated r aubtracted from the original amount © 4
PR " < iodine.” ¢ - , . ‘ of PAO added,” “The difference is the \
. v . RO PAO used to reduce the liberated iodine
’ * _b’ Cupric ions may-cause erratie .- and'is ultimatety, megsure of the total T
Lo . / behavior of the apparatus, ' °, ’ chlorine original present in the samnple, i
. Tl Tl - ‘v. FE T . N oo
. - e C\ipro?xa and silver ions tend to - o b NOTE:. Sodium thiosulfate solution may. .
v o _poison the electrode by p}ating out < ;be usged instead‘of PAO, but PAO is . ‘
. on it. . more steble and isgo bevprel'erred. . ‘ -
.. B Amperometric Titration - !nd(i(eét Method "3 Interferences ' .. — T /
LT * ) . , .
. A | -Scope and Application . o ’ a Cupric ions may cause ‘erratic : -
- V. £~ < ehavior ofhthe apparatus, M7 T
S This method-is applic,able torthe .- 2 <§{ - ‘ Ve
. § e determination of total;chlorine residual . b prous and silver ions.tend to . .
S F e in all types of water-3hd wastewaters, . ', - poisor the electrode by plating out Y
T ~_ In contrast td-the direct mperometric . on it, . ‘ T '
{ ’ . 'tit'ration, thié back<titration procedure ‘. ° o ¢ T ey v .
. . -, ¢ 'minimizes interferences in waters C Co'lorimetric Starch-Iodide Titration - . . ol
.o . "'containing ‘substantial amounts ot ‘ lndirect Met}gpd R w. Y . R I
: organﬁc matter. b . ' . N ’
.ot tL , , 1 Scope au,d' Appllcation e - o,
e T2 Summary of Method : R SR * o . )
gL et ERE 'rhiem_ethodis appiidible}o the fe M I
Ceve T A sample is treated with’ drnieasured . - - determinatiorrof total chlorine regidual .
o . excess of standard phenylarsine oxide - ,  in'all types,of water and.wastewstér, N :
o, (PAO) solution followed by addition - , A hack-titration:procedure i used to ‘- .
T, . - .of potanium ?odide and x buffer 4o . . 'mininiize interferences’ in waters con- : .o
mdqtain the- pH between 3.5and 4,2, - . * Yaining sulgstantial (mtmnts of organic VA
' Lo _ . ST ) matter. ) o U
s .. . "'s~ A T - ., ;\?p . »\!‘b : . T . , '
: 8-10 , ' " <. * ) ‘\ l
C‘ - :W’; ~.” ‘ o ' /‘ \r' / 8 fj‘ - . ’ LCT ' N " i Vo . . * -
e . ¥ . Vs B R S
SR . . ¥ - s~ : N, . .
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2 Summary of Method
A sample 1s treated with a measured
‘excess of standard phenylarsme oxide
({PAO) solution followed by addition  *
‘of potassium iodide and a buffer to
~_malntain the pH between 3.5 and 4. 2,_

? Any forifi-of chlorine present will

stoichiometrically liberate iodine °
which immrediately reacts with PAO
before _si%}icant amounts are lost to
reactions™with organic matter in the
sample,

"
The amount of PAO used to reduce the
liberated iodine is then determined by .
tittating the excess with a.standard '
iodine solution in the presence of starch
until the PAO is completely oxidized,
At this end point, the next smallOad@on
of iodine causes a faint blue color to
persist in the sample,

The excess PAO thus measured is
subtracted from'the original amount
. 'of PAO added. The differéence is the .
PAO used to reduce the liberated
iodine and is ulumgtely a measure of
+ the total chiorine originally present
! in the sample.

. NOTE: Sodium thiosulfate solution may
be used ingtead of PAQ, but PAO is
more*stable and is to be preférred,

3 Interferences o ;
L) -
. a Anunysually high content of oi'ganic
matter may cause some uncertainty
in the end ppint. If manganese,
- .iron and nitrite are definitely absent,
this uncertainty canbe reduced by
ac.idification to,pH 1,0, &

3

Y

b Color and tutbidity inthe sample

Evaluation of lodometric Analyses
Iodometric titration ugjng amperometric

end point detection appears to be the more
accurate residual chlorine method

Besides being inherently more accurate than

" color detection methods, this electrical erbd

v

.

A

B

. ’cause difficulty with end-boint e o
T+ détection.” * .
» L »
. e
e, [
SRR 2
S S v 3 ’
: T
. 0. -*

~_’ - - .

-
[ A 7o providod exvc -

point is free of interference fmmtolor
and turbidity, .
L

The accuracy of the colorimetric starch-
iodide end point is improved by employing
the indirect titration method described
above, By adding an excess of.the standard
reducing agent and back-titrating, contact
between the liberated iodine and organic

matter in the sample is minimiuzed.
. » ‘

’ : - 1
DPD METHODOLOGY'!

The DPD (N, N-diethyl-p-phenylenediamine)
met};pd can be applied by either titration or
spectrophotometry.

Toih'ation

In this procedure, the buffered sample is
titrated with ferrous ammonium sulfate to
the disappearance of the red c¢olor; the= ~
result is free available chlorine. Using the
same sample, the titration can be carried
further to determine mono-and dichloramine,
Nitrogen trichloride is found ubing a fresh
portion of sample,
Spectrophotometry “-
’ : . o
" Alternatively, .the red colors in A can be
readin a ctrophotometer or filter photo-
meter at’®15 nm, The concentrations.are
determined using a calibration graph.

° P
.

3
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Chlorine Deterniination and Their Interpretation

s

8

_— ¢
Vi COM PLIAN("E MET"ODOLOGY

L N
A NPDLS/Cerfifications

- All of the analytical proceaures

described in v, lodomgtmc Titration_*
Analyses and in V;"DPD Methodology

. (above) are cited in the Federal -

Kegister as approved. -
L -~

»

1B Drinking Water

‘Only the DPD Methodology (as inV  *
above) ig cited in the Federal Register
as approved. In contrast to the NPDES/
Certifications regulations, the DPD

test kit vs also approved for drinking wates,

Iy
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GUIDELINES FOR
. INSTRUCTIONAL PACKAGE WORKSHEET

v

1., SUBJECT MATTER: Bacteriological Indicators of'waper Quality -
II. UNIT OF msmucfmn: Summary of Topic Presentation 2
. III. ESTIMATED TIME: 90 fiinutes

rV*’JJUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE Coverage of this suEJect
¥ ‘matter g1ves the participant an insight to the development of the rationale ’
I * concern1ng the concept of an ideal indicator_and the indicator bacte ia. T
T L i Juse today for various~objectives ofWater Quality Programs. ’
. v —

V. 'ENTRY LEVEL BEHAVIOR: ,
A. None requrred—::;// : 0 |

I. INSTRUCTIONAL OBJEGTIVE: R ' . :

o |

A. ,Igrm1nai’8ehav1or The part1c1pant will be aware of the current:

—._bacteriological indicators used in Water Quality Programs and the N
. advantages/limitations 1nherant to their use. . ’
) : B. Conditions: Instruct1ona1 ﬁ@ter1a] covered in course training .
. manua]‘ . :
) C. Accegtéd Performance: In'attendance to the lectuire material covering
¢ “subject material. oo R -, .
\ | / a o L :
' « ‘VII. . {pSTRUCTIONAL RESOURCES: ' ’ ot N ¢
%% ! ’ q a7 . ) . ) . %, o ' \ *
A. Available Media: S o ‘
T . 1. Tra1n1ng Manual 0ut11ne "Bacteriological Indicators of Water a////
", - Pollution". . zéij) . ) -
_‘ 2: 53 S1ides of X39 Series. o _—
. = . ’ . / * )
Suggested Med1a./ , o L v,
:‘1. None , o ;"‘ ) : . ’ . L
. VIII. INSTRUCTIONAL AFPROKCH;\ /ﬁ\\\‘ U ' , . . ‘ .
- \A. Préparafion for Instruction: L .o b
.“-\" - » .
g A ReV1ew v1§ua1 and wr1tten mater1a? and prepare lesson. . ;::>
; o ' 2. Sequence slides as desired and p]ace in slide tray: . ‘f e
3 ' 30 Prepare any handoyt naterial 1f\desired and arrange to have o .
oL anladequate supply prepared. = __.. Coe L . r T '
‘ . 4, Assemble any. desired’ dEmonstratTon equ1pment/mater1als/ nd arrange
; . to have them avai]able for the presentation N 5
% A : - - — ’ ". ‘ 9'~1 Lo
pw;4 1:79- dee ~N - . oo .- L o, 9=l
,lel{fﬂ: < : '?i2355" ) A . RS




Sequencing: . . B . . -

4

’ -

1.7 Classroom ,presentation of X39 -

a. Two. areas of approach‘t’o fmdmg a passible bactemo]ogica]

n . indicator of water quath (x39-1) X
;- - b. Norma] and pathogenic flora im human feces. ‘(X39-2) . k
: c. Use of “tota] count" as an indication of water quahty (X39-3)

J‘"@ﬂ\
o . d Ear]y Bacterial Criteria Re]ating to Sanitarquater Quality
T o indication -that, investigators widely disagreed as
s : to water ‘quality vs total counts. (X39-4)
e. Co cept of an “Idea] Ind1cator" 8 Slides (X39-5 'to X39-12).
‘*-. f. Concept of usmg pathogens is indi cators of water quahty

6 Slides (X39-13 to X39-18).-
) g Eschemchs d1scovery of Gram Negatwe rods in genral
: . population and subsequent advancement of the coliform
group. of bacterid as-indicators of Water Quahty (X39-I9)
Current cohform_groub definition. ()(39-20)

2 Slides (X39-21 to X39-22).

. he,
j. Limitations of coliform group.

; . 6 Slidés (X39-23 to X39<28).

o ,JMV;C Classification. S
N . k. Cd]iforms as Indicators Advantages/Limitations. (,x39-29)~ v
1. Eschericheae - Genus}fnd Habi tats’ (X39 30) - .
' ; oL
. e " m. Effects of temperature on the’ COHf'rom bacteria. 3 Slides
: / (X39-31 to X39-33). . -
o . +Fecal COHfom S'ggnificance (X39- 34) "‘ .
Coe . Fecal COhform NTAC. Findings (X39-35) . »
oY Fdcal Coliform Standard Test ‘Rrocedures (X39-36) A .
’ . £ C -
» Q. .Feca] Coliformindicators Advantages/Limitatwns (X39-37) .
- . r. Groups of Enteric Bacteria Total Co]iform and Fecal . \
” . Coliform zones (x39 -38) -..- . .
. —"
- ) s. Fecal 'Streptococm - Definitionﬂj‘\;f Slides ()\90—39 to X39-41)
3 ‘ t. Feca] Streptococgl - Slow acceptance as ihdtctors. (x39 42)
: a '( Use of Fecal Stre tococci as indicators. 3 Shdes ‘
o )._/__/_m9-\43 o X39-45). - o
Y ) Lo . X K J/ . M L. ‘ . S *

¢ R A

SN
N ‘ .. . . .
AN ’ - - ' .
; ERIC.. . D
g A v v providea by emic , .. . 4 . . ¥
: . . ‘ ) . “ . . - .. “
.3
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. _DESCRIPTION OF VISUAL MATERIALS: .

¥ y. Partition Counting Principles. 4 Slides (X39-46 to X39- 49)

.M. Fecal Coliform to Fecal Streptococm Ratio. 4 Slides
();39 -50 to X39-53). - ,

IPW EQUIPMERT AND SUPPLY REQUIREMENTS d

’

. A. Classroom_Eqmpment and Supphes.

1. Sh‘de projector: and‘t}ay_.
2. B]ackboard and chalk.

“

IPHvREAGENT REQUIREMENTS

A. None required. . . ‘ A }

[}

A, 53 Slides, X39: Bacteriological Indicators of Water Quality }/.‘

1. Slide X39-1° Bacterial Indicators of Pollution - Two Areas of
Possibility - S 2 !

—2. S1ide X39-2 Normal and Pathogenic Flora in Human Feces
3. Slide X39-3 Total Count Plate .

4:  Slide X39-4 Ear]y Bacterial Criteria Relating To Saﬁitary .
© Water QuaTlity : . : A

Slide X39-% Ideal Ingh‘cators: Lack Laboratory Safet:yt Hazgra
S1ide X39-6 Ideal Indicator: Positive TestMPéllutioﬁ' \

Shde X39-8 Ided] Indicator: Umfor'm Resu]ts mth D1fferent Natér

“u

5
6

. 7.. Slide ¥39-7 1Ideal Indicitor: - Negative Test.= o Pollution
8
9

Shde X39-9 Ideal Ind1cator’ Never Present in Safe water oS

10. Siide X39-10 Ideal: Ind1cators, Show. No Aftergrowth in Stream _‘
. - . " A . { . i ..
"11. Slide X39-11 Ideal Death, Curves Indicator - Pathogenic -

Microorganis . ,

© 12, Slide'X39-12 Char‘acterwtms of an Idea] Ind1cator

- 13. S]ides X39-13 Bactemo]ogm D1agnos1s of Spec1mens for
/- Bacﬂ'lary Dysentery Shigellosis). -

14. Slide X39-14 Bacterio]ogw Diagnos1s of S‘pec1mens for Bruce]]os1s

15. Slide X39-15 *Microscopic _appearance of protozoan-forms .

\A - - ,
-
Ny, . .

‘ - e le

87 , S 0 9-3




16. SWde X39-16: Bacteriologicdl Cu]tures Undergo1ng
Biochemical Exam1nation . -

717. Pathogeg& as Indicators - Advantages/Limitations. ‘

. 18.. Slide X39-18: Bacteriological Measurements of'Fecal
Pollution. )

17. Slide X39

. T 7 L4

19./° Slide X39-19: Escherich's Exam1nations ‘of Ward Patients
1 D1scovers Ubiguitous Gram-Negative nods in fecal specimens

20. Slide X39-20: Coliform Group Definitian. ,

-

© =217 ‘Slide X39-21: Relationship Between Caaiform-Concentnations'
and Rainfall. . -

L)

22. Slide X39-22: Effect of Ra1nfa]l and Surface Runoff on
Coliform Bacteria in the Missouri River Below Kansas City.
!
23. Slide X39-23: D1fferent1lt1on Tests for Cd]1forms

24. Slide X39-24: Known IMV1c;Iypes ) o

25.7 §lide X39-25: A. Aerogehes ije 1 IMVfC ah& £C ﬁeactibns: )
_ Zﬁi giide X39-26: E. Coli- [ype 1 JIRvig, and EC React1ons

25.\ Slide X39527: Coliforms, 67 Soii Samp]es IMViC React1ons

, 28. Slide X39-283' IMViC Reactiong of Narm.B1deed Animal
Cultures.

¢ . ) e ,
29. Slide X39-29: Coliforms as Indicators Advantages/Limitations.
:30. Slide X39-30: Habitats of Eschericheae -

31. Slide X39-31: Citrate Positive vs Citrate Negative Cultures = .
and Their Lactose Reactions at Varying Temperatures.

-

32. Slide X39-32: Averageg Generation Fimeg,'ﬂ to 6 hours,
: for Coliforms .ip seven hour 1jquid median.

33. Slide X39-33: Fecal Coliform and Non-fecal Coliform
. Growith Respopse in EC both at various temperatures.

’ T . . -

</ 34. Slide X39-34: Fecal Cotiform Significanie.
35. Slide X39-35: Fecal Co]ijormslNTAC andings.

P 36. Slide X%39-36: MPN and MF Techniques at the E]evagadﬁ -
R Temperature for Fegal -Coliforms. ' . -

..

?7. STide X39-37i{ Feca] Coltform Indicators,Advantages/Limitations*

¥ * . 38. Slide X39-38: GrOUps of Entetic Bacter13—P]acement of
/o, .. -+ Coliform and Feca] Coliforms. -

- R "tu 88? 0 . /
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39. «S1ide- X39-39: Fecal Streptococc1 Defin1tion *, ‘ "
2. §lide X39-40: Fecal Streptocogci: of Sanitary S_gn1f1cance

- o T e
N

41. Slide X39’1T”—#*Thssificat1on of Streptococci. ——-_ . _. L

42. Slide _X39- 42 Fecal Strépt0copci Slow Acceptance as.
. Iﬂd1catoY§ : ) :

Slide X39-43: Fgca] Streptococc% Sanitary Interpretations.

Slide X39-44: Occurence of S. .fecalis var liquefaciens
in Various Environmental Sources.

-~

¢ vy —— e

Stide X39-45 S. bov1s - S equ1nus Percentage of Feca]
:Streptococcus Population in Warm Blooded Animal Feces.

Slide X39-46: Occurrence of Streptococcal Groups in Feces;,,
of Man, Cow, Sheep, Pig and Fowl.

Stide X39-47:" Distribution of Fecal Streptococcal Groups
in Eeces of Humaﬁs\ _ :

Slide X39-48: - Distribution of Feca] Streptococca] Groups
in Feces of Cows. ) ‘
Slide X39-49: D1str1but1on of Feca] Streptococc1 in,
Sewage and in Human and Cow Feces.

STide 39-50: Indicator Densities per Gapita per day,
in decending order. T

A

STide X39-51: ‘Estimated pef Cap1ta Contribution of
Indicators of.Some Common Animals and its FC/FS Ratio. ¢

Slide X39-52: Bacter1o]og1ca1 Qua]ity of Irr1gat1on water
Slide X3963: Applying the FC/FS "Ratio. '
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SUBJECT MATTéR: Advance preparat%onsifor Day One Laboratory

and 2 hours prior to Day One laborator

WHEN ACCOMPLISHED: Approximately 24 hours prior to Day Oné Laboratory

< ACCOMPLISHED BY: Qualified instructor ° . . g 3
> TIME REQUIRED: 3-5 hours (dependent on the time required to sample )
and the_number of students enrolled) -

/ . :\‘ : ’ ‘ ‘T

/
— | U .

. PREPARATION REQUIRED ‘ REMARKS = _ . //{
v . ~ - v /’/
24 hours advance ’ . " Ve

‘Tnoculate test tube rack containing - , ‘ ,

lactose broth and AD broth tubes. Lo
One rack per student is required. -
% ' ]

A

%

2

-

Prepare a?d plate MFC medium with
samp]e vo

isolated colonies. . . \\\\~

ume which will produce »’; -

hqurs advancg ' e

Have laboratory operattfonal’ for
laboratory studies.

<«

O W.BA.mp l]ab.ipw.1.1.79
RSP

90 .

i

A

O OO I wW N -

Each ‘rack: to contain'25 lactose and 25 .

AD tubes (first row mu]fipﬂe strength )

and the other 4 rows single strength). : .-
Each. rack constitutes an MPN test to be -
assigned to each student.- when inocu]ated !
incubate at 35C + 0. SC : .

At fleast one pTate for each, "2 students. S
Incubate at 44.5C + 0.2C. To be used . -
for Verification Test to be initiated by - -
students in Day One.lLaboratory. -~ .

roo . .

. Test Rack of sterile 1actose<;ubes/tra1nee -}
Appropriate data sheets/trained -

MPN transfer equipment/trainee

Sterile BGB, EC, lactose, and EVA Supply, “«. »°
MF equipment (media preparation; preweighed -
"LES & m-ENDO media; MF plates) PRl
VerificationAdn test equipment .
35°C and 44.5°C incubators opeérationhal o
. Place one rack/trainee of the 24 hour e
MPN tubes at each laboratory position
Remove MFG plates from 44.5°C incubator '
and have available for verification test

procedure

°

P




- { © MPN Methods ~ -
- - a o o
MPN Methods

j' MPN Methods

(pipeting).

*dilutions

Tube §amp1e o
Inoculat1oos

PreparatiOn ot

Culture Franefers

'during course.
A

L GUIDELINES FOR - . i
- . - INSTRUCIIONAL PACKAGE NORKSHEET ] . .
’ 1. SUBJECT MATTER: Laboratory_8r1efing for Day One . ’ - l
T e Ilf‘ UNIfde INSfRUCTION: Summary of Topic Presentation’ ‘
I1I. ~ ESTIMATED -TIME: 40 minutes ' l
. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Br1ef1ng for this var1ety |
~v ,of subject matter,.as ‘described under VII Ava11ab1e Media, is of primayy
impOrtance since a number of procedures will be jnitiated without benefit
of prepatory lecture groundwork due to time constra1n§§ 0 l
= V. ENTRY LEVEL BEHAVIOR: ' . L ’
A. None requ1red . ' oo ' ; » »;,\V,’ l
- V{—~—%NS¥RUCTIONAL OBJECTIVE,- L - - , e
A. Terminal Behavior: The part1c1pant will: be atquainted with' the various, I
areas- of instructional material covered in the treining course manual:
and better be able.to'utilize them in an open book Taboratory s1tuat1on “
N which, immediate]y follows the br1ef1ng session. ‘ - ‘l
‘B.: Cond1tions. Instructional material as covered 4n various parts of v
T . course traﬂn1ng‘@anua1 and as‘directed by verbal 1nstruct1ons ‘ I
' »
[Py
C. Accbpted Performance Utilization of.assigned pages of course training .
ma?haT’1n conJunction with notes taken dur1ng/br1ef1ng sessions. . v I
VILE INSTRUCTIONAL RESOURCES.4' - - o o Lo
A. Available Med1a N , - .0 p l
SN P Training Manua] 0ut11nes S - 3 ' ’ .-
~ ° 0u§11n Section ‘Purpose ’ l
.o MPN Methods - fube Labe]ing; }> Instructor Aid-Tubes flbe]ed
: : . .. to help preclude tube manipu- '

lation ‘errors by’ traineg

Provides accurates d1str1bu-

" tion of correct samp]e volumes -~

to each tube. & ., .

'Y . ® .

.Prdcades accyrate: measurement - -
of requ1red_samplé»df1utions . 'l

*Provides ‘correct’ techniﬁuo -

of culture transfer and*:, ~ J
approved methoqs




1.

VIII.

« Qutline
Detailed: .
_MF Metht*

* Verifiad
MF—Testg

2. Suggested Medfa:
A, None .
INSTRUCTIONAL APPROACH’

. .Sect'ji on

M- ENDO
- medium
preparation °

: Verifi‘éation’-
" of fecal

coj iforms

L4
2. fe
A

%

~

X -

' &procedure v -

AN ) S
Purpose v ‘s

Prowdes correct technique
of medium preparation

Prav1aes technique and
. schematic for test

A, Preparatwn for Instruction: -

1. Rex1ew agenda for timé sequepcing and wr1tten material for content
and prepare bmeﬁng,

2. Pregare handout (or use b]%:kboard, if desired) 1nd1cat1ng to
trainee the written material to review. An exariple of such a
) handout would be as foHows 14 -

\ . ) . -
« Item Oythne and Pages Standard Methods{14th Ecﬁyon)
Tube’ L’ape-h'ng MPN Methods Pt. 2, Not specifically ’coy'eir'ed -

, N —————review-entire—section— ’ L. -

MPN- Sample

Inogulations 3-4"% 3-6; 3-11
. (Pipeting) . to 3-12; 3-23 . R
MPN Dilutions /MPN'Mefhods-Pt. 1 © . 883; 892; 909; o - .-
- * » /'/3‘6, 3‘7 N D !
MPN Culture -~ MPM Methods Pt. 1- 883; 884;.917; 922 .. [ °
Transfers 3-65\3-7. Pt. 2 943 = -, - ) .
- 3-15; 3-17; . . . .
’ 203 3-23 ' S =
M-ENDO .

’ Preparation' ,

B : -
. Vepificatign - .*" Verified MF Tests No specific information ™~ -,
_ of Fecal ©13-25 13-3 * .
. Cqlifornis " Lo . ‘. '
. o N - » . '. } ’ = . .
X . A RS N A l( . : - ! :' :. :
3 . 93 ' . ‘ g > . 10-3

P

. (3-11 to 3-21)

* MPN Methods Pt.. 1 -

n R .
' e"W‘ R T
”Wl’ 11- 5u - . * 'm ‘g o . T

° 1

{

882-883; 916; 943




. /
B. Sgguencingz . - /
- 1. :Venification Test ' ’ / !
2. m-ENDO preparation f
3. MPN information ,
= 4. . Instructor will then demonstrate the 24 hr procedures with a:
. . _ hypothetical rack of tubes. This will clarify, if needed,
' the information given in (3) and will serve as a test that
== the instructor will carry through during the week. . .
fi. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: . )
" A. Classroom Equipment and Supplies: ' ‘ )
. j, 1. Blackboard and chalk. s . .
. 2. Demonstration setup. ) -
X. IPW REAGENT REQUIREMENTS:
k. _None required ° ) B
] . \
A1, DESCRIPTION OF VISUAL MATERIALS‘ .
A. None required. ) T .
* . - ’ .. q €
- s < 5 \‘ . - "
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N \
: TRAINEE
* MPN TEST PROCEDUR :

-

1. 1. Inoculate sample rack containing
) Tactose tubes with a test sample

2: Read and Record a 24 hour fermentation

'~ tube rack. “Use the form provided by

X the facility. .Record for both the .
i . LST tubes and the AD tubes. '

", '; . - 3. Transfer positive’tubes to BGB and - .
: EC for the Total coliform and Fecal
coliforms respectively

e~ - ’ 4. _ Transfer positive tubes of AD to the
' ' . EVA medium - Do not discard postive
_:‘ ' : - AD tubes.. )
R ' 5. Tncubate at. 35C when all transfers are
g compléte., The EC medium is incubated.
i N , at 44.5C. Mark tubes to-avoid loss or
, § ‘ - misreading. &

6. Prepare 100ml of m-ENDO broth ‘and 30ml

' - of LES ENDO Agar. From«these simultan-

‘ ¢ tously prepared media, prepare 6 plates

. " _from each to be labeled by the maker
R and stored for later .use in the refrigera-

1 - _,-tor. Save the remainder of the 10Qml
L= = J-ENDO broth preparation for later use
- (1:§e1 this bo¥tle with your.dffitials)

4

MF Procedure: Pitk 6 colohigs front MFC plates. Pick

- \ - typical FC colonjes and some non-coliforms.
_ N -+ ¥ Use stérile rieedle and LST tubes.
+ ' “- ¢ { c 0
' \ >
) Q5 o -

DAY ONE. LABORATORY

o

Intended for practice only to
learn pipetting procedures.

Tubes were inoculated by

-instructor during advance

preparations..

'

» ‘ *
Utilize transfer options for the
Positive tubes as instructed.

96
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"VIH. INSTRUCTIONAL APPROACH:

. GUIDELINESWOR ' : .
- INSTRUCTIONAL PACKAGE wonxsnﬁFT

I. SUBJECT MATTER: The Membrane Filter

.

/

IT. UNIT OF INSTRUCTION: Summary of Topic Presentation
I11. ESTIMATED TIME: 45 minutes’ ' ,
-~ . Vo .

"IV, JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material

gives the participant a historical and practical knowledge of the membrane
filter allowing its optimal utilization in laboratory ‘operations.

V.- ENTRY LEVEL BEHAVIOR: . . L= .
+ A. None required.- ‘

VI. INSTRUGTIONAL'OBJECTIVE; ~ . )

¢ P

3

A. Terminal Behavior: The participant will have knowledge of the advantages
and limitations of the membrane filter and its proper handling during
" sterilization and laboratory manipulations.- Y

B. Con;}tions:, fnstructional material as cevered in course training manual.

C:%Ahcépted Performance: In attendence to the leture cqvering subject
material. :

\{II. ENSTRUCTIONAL RESQUREES:

[ R K

A. Available Media: , ' g -

1. Training Manual Outline: The Membrane Filter in Water Bacteriology.

. 2. “12 Slides of X41 Series. . ’ * i}

’ N

B. Suggested Media: ‘ , -

. 1. -None '

' ‘. .
- °
.
s s .
¢

A. Preparation for Instruction: . . —

1. Review visual and written material. and prepare lesson. .

\ 2. Sequence slides as desired and place in slide tray.

L 3. Assemble any desired .demonstration equipmént/materials and arrange
y to,haye them available for the presentation.

B. Seguenciﬁg:

AT C]a§s}ooh presentation of X41. e |

1

\

¢

-\




, a. Fiat Final Report on the feasibjlity of using membrane f11ters
‘ - ». Yor bacteriological operations. (X41-1) -

T

v
b. Comparison of similar magnification of membrane f14ter and a
_ high quality filter pape;’(x41 -2, to X41- 3). ' ~

c. Drawing of damage inflicted on a membrane filter surface by
a camel hair brush. (X41-4) ) . .

; st,yar19us mater1a1s used for the manufacture o% membrane filters. (X41-5)
e. Quality.Control Tests used on membrane-filters. (X41-6)

“w

*f. Flow Rate - definition and a typ1ca1 chart of values. (X41-7
_ =to X41-8). .

' g. Membra/ehF11ter - Open volume: to solid mater1a1 and pore s1ze
variati (x41 9) — . . .

“h. Membrane filter made transparent with use of suitable oi%s. (X41 10)
i, Differential absorption of dyes by.the membrane filter. (X41- 11)
- * J. Membrane Filter ster111zat1on procedures, (X41-12) X
- IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: ! . , ,
A. Classroom Equipment and Supplies: -
1. Slide projector and tray. . \ ) ' .
. 2. Blackboard and chalk. ' _ ‘ s
X. IPW REAGENT REQUIREMENTS: o
A. None ’
XI. DESCRIPTION OF VISUAL MATERIALS -
A. 12 S]i&es, X41: The Membrane Filter
1 Slide X41-1 F1at Final Report Summary ‘of Document 1312 (BDee 47)
2 Slide X41-2 Photomicrograph of High Qua11ty Filter Paper f/( . o
%:j511de X41-3 Photom1crograph of Membrane F11ter oo
4.

\
Slide X41-4 Drawing of Membrane Fi]ter Surface Damage by Passage
of a Camel Hair Brush

[}

5. Slide X41-5 Membrane Filter Materia]s

6. Slide X41-6 Typical Membrane F11ter Quality Control Tests by
Manufacturer , )




10.
11.
12.

R

. Slide X41-7 befinition of Flow Rate .
. Slide X41-8 Typ1ca] F]ow Rate Chart
. S1ide X41-9 Schematic: Membrane Filter Open Volume to Solid Material

Curve: - Membrane Filter Pore S1ze Distr1bution Curve for’
.45 micron pore diameter ‘

Slide X41-10 Membrane Filter clarification with appropriate oil
Slide X41-11 Selective absorpfion of dyes by the membrane filter

Slide X41—12 Membrane Filter Sterilization




T \
GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

A

I. SUBJECT MATTER: ﬁembrane Filter Equipment and rts Preparatiqn for Laboratory
se ) L2

14 ~-"" 1 ' - ' ~
[ — % - - . - ~
. Y
’ Y . .
' - . i

II. UNIT OF INSTRUCTION: 2 ary of Topic Presentation
III. ESTIMATED TIME: 45 minut )

" IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material
. will allow the participant to be aware of required membrane filtration
f equipment and its preparat1on for laboratory usage.

V. ENIRY LEVEL BEHAVIOR:
A. None required.

VI. INSTRUCTIONAL OBJECTIVE:

°

A. Terminal Behavior: The participant will have knowledge of the types,-
handling, and preparation of membrane filter laboratory equipment.

B. Conditions: Instruct1ona1 material as covered in course training manual
* ~ and the availability of the current edition of Standard Methods for the ¢
Exam1nat1on of Water and Wastewater for 'reference. -

C. Accepted Performance: In- attendance to the lecture covering subject
material. .Course exam1nation may contain questions regarding this __

. subject.
~VIL INSTRUCFIONAL RESOURCES: o
U Available Media: ‘. )
» , 1. Trainifg Manual Outline: “Membrane Filter Equipment and Its Preparation

for Laboratory Use"

2. Standard Methods for the Examination of Water and Wastewater (for the
14th Edition: Pgs. 880-886 891-892, 928-931)

B. Suggested Media

. 1. None ‘ .

‘VIII INSTRUCTIONAL APPROACH: .

p——— . Y

A. Preparation for. Instruction

1. Review Training Manual 0ut11ne and pertinent pages,of Standard Methods
and prepare lesson: . B . _ t

~
Q

- ‘ c, ‘
N - ® n . - ' 12-1
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- B. Sequencing: C, : ' o

1. A convenient sequencing for presentationof this subject material is
that which follows from the training masual outline. This will also
allow the participants to raise questions with the ‘sequential
progression through the pages of the/outline which should have been
read by -the participants. ‘ ) N -

IX, IPW EQUIPMENT AND SUPPLY REQU}REMEﬁTS: l '
'PA. Classroom Equipment and Supplies
1. Bdackboard and Chalk
X. IPW REAGENT REQUIREMENTS:
. A. None reguired. : ’ '

XI. DESCRIPTION OF VISUAL MATERIALS:

hé -

2

A.” None required. ' - ' N

Instructor may elect tq show materials and equipment during the presentation.
Possible examplés of these are:

1. Manufactyres maintenance kits - . . -, e ] \\
2. Va;io : funnei units
3. MWrappings used for sterilization
/ * 4. Vgcuum sources (asperators, ~pumps, etc.) §

5. /Suitable and prohibited types of culture containers~-'

<




-

. GUIDELINES FOR
» - INSTRUCTIONAL  PACKAGE WORKSHEET

y 1. SUBJECT MATTER: Examjnation of Water for Coliform and Fecal Streptococcal,
. Groups (MPN) ‘ . ..

I1. UNIT OF INSTRUCTION:, Summary of Topic Presentation
III. ESTIMATED.TIME: 90 minutes IR

- \ . hand
IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material N
allows the participant to have a theoretical knowledge and an overview '
of the MPN test procedure which is a basic test procedure for bacteriolog-
ical examination of water and wastewagér. : . .

)

V. ENTRY LEVEL BEHAVIOR: e
A. {None'requ§red.

VI. INSTRUCTIONAL OBJECTIVE:

- - - “—7~A7‘—iermina1 Behavior: The participant will be knowledgable in the
+ theoretical aspects of thif test procedure and have an overview
of the complete procedure.’ . '
B. Conditions: Instructional material as covered in course training
manual. . . . .

c. Aécépted Performance: In attendance. to the lecture'material
covering subject material.

VII. " INSTRUCTIONAL RESOURCES:

A. Available Med%a:

- \ ° - , /
1.- Training manual outline: “Examination-of Water for Coliform
* and Fecal Streptococcal Groags“ ) ’

2. 40 slides 3% X40 Series

3. Standard Methods (for the 14th Editon: pgs: 913-927; 942-944ffd/
. B. Suggested Media: ’ oot

~

1. ‘None
VJII. INSTRUCTIONAL APPROACH:

"A. Prepération for Instruction:

1. Review all written and visual material and prepare lesson.

RSN
.

" 2. Sequence slides as desired and pface if slide tray.

A.co.ipw.1:1.79 \ 13-1
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< ' ’ -
3. Prepare any handout material, if desired, and arrange to have
. . s an adequate supply prepared.

4. Arrange to have any desired demonstratiory material available -
for the presentation.

B.- Sequencing: ' o

. . i
f
|

1. Classroom presentation of X40:

a. Schematic overview of MPN Test for Coliform Group. Slide X40-1..

b. Coliform Group definition. Slide X40-2.
. c. Factors‘effécting results of MPN test. STides X40;3'to X40-6.
d. Sample inoculations. Slides X40-7 to X40-10.
e. Sample volume vs. Rsnge Eovered. Slide X40-11.
f. Schematic: Presumptive Test. Slide X40-12.
( g. Pictorial Representation of Presumptive test. Slide X40-13.
- h.. Incubation of tubes at 35° C. Slide X40-14. ,

" i. Inspection and typical recording of 24 hour Presumptive Test
_tubes Slides X40-15 to X40-16.

Ay

. Schematic Confirmed Test. 51yﬁe X40 17 /
Loop transfer of culture. S]ides X40-18.to X40-19. -

' 1. Contjnuation of Confirmed Test Procedure. 'Slides X40-20 to
'X40-21. «» : )

T: Selecting Csdss-for MPN catculations. Slide X40-22.
. R (P MPN Table. Slide X40-23.
v 0. Comp]eted Test Procedure Overview. Slides X40-24 to X40-25.
. p. EMB Agar-piatipg and colonies. siiqés X40-26 to X40-29.
vom . q. Completed Test Procedure. Slides X40-30 to X40-34.
r. Fecal Streptococci MPN Schematis Slide X40-35

s. Control and Positives for the Fecal Streptococci MPN, B
- Slide X40-36. . , -

t. Fecal Coliform MPN Test. Schematic and Description .of
Analysis. Slides X40-37 to X40-38. - R

u.. Fecal Coliform Test. First Stage ahd Second Stage. Slides
X40-39 to X40-40, .

'13-2"" " N 103 (
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. IX. IPH.EQUIPMENT AND SUPPLY REQUIREMENTS:
' .A. ~ Classroom Equipment and Suppljes:
1. Slide Projector a;a supplies.

2. Blackboard and ¢ha1k.

3. Demonstration cultures, if desired.

X. IPW REAGENT REQUIREMENTS: _
1 A.  None required. . .
. XI. DESCRIPTION OF VISUAL MATERIALS S
\ «\\\\\frA. 40 Slides, X40: Examination of Water for Coliform and Fecal
— Streptococcal Groups !MPN) ..
. 1. Slide X40-1: Schematic-Tests for Coliform Group. ;
2. "Slide X40-2: Co]ifoém Group Definition. . »
" Slide X40-3: Shak1ng of Sample Bottle to Obtain Even
Dlstribut1on of Bacteria. - ~
__ 4. Slide X40-4: J‘ESe]ectlon‘of Sample Volumes Lack of
Positives in Conf1rmed Test 3
* — 5. Slide X40-5: Poor Selection of Sample Volumes-A11 positive «
e in Confirmed Test. . )
.‘ 6. Slide X40-6: ° MPN Test. 95% Eﬁ'ﬁ1dence L1m1ts decrease with
: . selection of at least 5 tables/row.
_ 7. SlidevX40~7: .MPN Sample Inoculation-Use of Pipet.
‘ ’ > ‘
8. Slide X40-8: MPN Sample/Inocqlation-Schematic for dilutions. .
9. Slide X40-9: PN Sample Inoculation- D11ution Blanks (99 ml). “
: 10. Slide X40-10: MPN Sample Inoculation-Use of Pipet.
- . Slide X40-11: Sample Volumes vs. Range Covered.
- T12. Slide X40-12: MPN Schematic-The Presy ptive Test Protedure.
3 — ' .
i 13. STide X40-13: MPN Pictorial Representation-Rresumptive Test
- . Procedure. - :
14. * Slide X40-14: Incubation at 35° C. ’ !
, Slide X40-15: MPN Presumptive Test-24 hour cultureﬁ.
16. Slide x40-16:‘ Example of a‘24 hour recording for the *
' Presumptive Test. . . o




/
)

17, Slide X40-17: MPN Schematic-The Confirmed Test Procedure.
18. Slide x40-18: Cross-Section of a Filled Loop.

¢

19. Slide X40-19: MPN Confirmed Test Loop Transfers. «

\

20. Slide X40-20: MPN Confirned Test-Inspection of 48 hour test
results. i .

Slide X40-21: MPN Confirmed Test-Reincubation of 24 hour nega-
tive BGB tubes.

22. Slide~X40-22: Se]ect1ng MPN Codes from Data Sheet

‘o

D\
23. Slide X40-23: MPN Tab]e (13th Edition of Standard Methods)

24, Slide X40-24: MPN Schematig-The Completed Test Procedure.

25. Slide X40-25: Pictorial Representation of MPN Completed ~
Test Procedure. ’ ) :

26.- Slide X40-26: Streaking>and EMB Agar Plate.
27. Slide X40-27: - Cotonies on EMB Aoér.Plate.

28. Slide X40-28§ Same as ;boye.
29. Slide X40-29: ﬁSame'gs‘above. ‘

30. Slide X40-30: Picking pure cu]tures'from.an EMB Agar p]aoe.

‘ 31. Slide X40-31: Transferr1ng a pure culture during the MPN
Completed Fest Procedur®. - o '

32. S]ide X40-32: Growth of pure cullture during the MPN Completed
Test Procedure. . T

s

33. Slide X40-33: Gram Staining Reagents.
.38, Slide X40-34: Gram'Posi%ive‘Cuytuee

:
'35% Slide X40-35: Schematic: MPN Fecal Streptococcus fest. .

36. Slide "X40-36: Control and Positive Cultures in the MPN Fecal
Streptocogcus Test Procedure.

« .
37. Slide X40-37: Schematic-the MPN Fecal‘Coliform-Test. -
38. Slide X40-38; Déscription of the MPN Fecal Coiiform Test Procedure.
39. Slide X40-39: MPN Fecal Coliform Test First Stage.

40. Slide, X40-40; -MPN;Fécal;Co]iform Test Second Stage.~
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" GUIDELINES FOR -
INSTRUCTIONAL PACKAGE WORKSHEET
. SUBJECT MATTER: Media and Solutions for MPN Metﬁodé
. UNIT-OF INSTRUCTION: Surimary of Topic Presentation

. ESTIMATED TIME: 50 minutes ) *

. JUSTIFfCAfION FOR THIS' INSTRUCITONAL OBJECTIVE: Knowledge of this materidl
will allow the pawticipant to be aware:of required MPN media and solutions
and its preparation for laboratory use. N

-

/. ENTRY LEVEL BEHAVIOR: R R
A. None required. .
. INSTRUCTIONAL OBJECTIVE: »

A, Terminal Behavior: The participant will have knowledgé of the required ///
MPN media and solutidns and théir preparations. ‘

Conditions:' Instructional material as covered $n coufse training manual
and the availability of the current edition of Standard Methods for#the .

by

Examination of Water and Nastewqter for reference.

<

Accepted Performance: In attendance to the lecture covering subject
material. Course examination may contain gquestions regarding this
subject. RPN '

. INSTRUCTIONAL RESOURCGS: . . -

[

. a
Available Media: -

.Training ‘manual out1ihe:7.dﬁedia’qu So{utions for Multiple
Dilution Tube Methods®. : S

. .
z * v -
5

Standard Methods for the Examination of Water and-Wastewater (for =~
the‘gath Edit¥on: Pgs: .t .

5 ;

B. Suggested Media:

/

1. Noné
VLIT. INSTRUCTIONAL APPROACH:

¢

A Prgparation ﬁor Instruction:

1. Review training manual outline and pertinent pages of Standard
Methods, and prepare lesson.

?. Sequencing: - -~
) < s Y ¢
1. A convenfent sequencing for’ presentation of this subject material

is that which follows from the training manual outline. This will

® ]

<) mﬁn.ipw.1a1.79 ’ '
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also allow the participants to raise quesfionS\witb the sequential
progression through the pages of the outline which should have

7

been read by the participants. -
IX.. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

K
,

v oscane

. —

A. For each student: _ 4 .,
\ 1. Classroom equipment and stpplies )
A : T ' - . ' .
- 2. Blagkboard and chalk ‘ P .
el .
.+ X. IPW REAGENT REQUIREMENTS: /// j' L . ) .
.' IS - o )

~ A.. None required.
XI. DESCRIPTION OF VISUAL MATERIALS: ﬂ :

A. None required. , .

Possible examples of these are: .

N

Instructor may elect to show materials and'suﬁpf;és during the presentation.

*

1. Jars of dehydrated média( -
Bottles qf dyes and reagents ! L

2
3. Stock and working solutions .
4

Prepared media. . -,

SEEEE @ SERSE @ BEEE @ SAERE BN .E BENE oSSk BENE SENS c JENE DS BN BENE. SENE GRS BENE SEER O BEMER .0



. GUIDELINES. FOR ) -
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Principles of Culture Media For Use With Membrane Filters .
II. UNIT OF INSTRUCTION:I Summary of:Topic Presentation
II1. ESTIMATED TIME: 45 minutes a |
- IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJEETIVE: Knowledge of this material
will allow the participant to be aware of principles of Culture media and
be;ter exercise judgement to protect ;he iqtegrigy of the laboratory preparations. -

T V. ENTRY LEVEL BEHAVIOR: ) / - -

o . N

—

t

A. None required. )

VI. INSTRUCTIONAL OBJECTIVE:.

-

A. Terminal Behavior: The participant will be aware of the principles of .
culture media and of .some of the terminology applied to various test
procedures using differing media preparations,

B. Conditions: Instructional material as covered in course training manual
, and the availability of the current edition of Standard Methods for the
. Examination of Water and Wastewater for reference, . e

¢

] C. Accepted Performance: In attendance to the lecture covering subject material.
: Course examination may contain questions regarding this subject. '

.VII. INSTRUCTIONAL RESOURCES:
A. Available Media: "o

?

1. Training Manual OQutline: “Principles of Culture Media for Use With
Membrane Filters" )

2. Standard Methods for the Examination of Water and Wastewater (fdr the j‘ )
-14th Edition: Pgs. 882-884; 886-888; 894-895 . s . ‘ \\\
B. Suggested Media: . B .
. None, . (
VIII. INSTRUCTIONAL APPROACH: o A .

A. Preparation for‘Instruction:

1. Review Training Manﬁq] Outline and pertinent pages of Standard Methggs g
and prepare lesson: : E e

N /
.

B.~ Sequencing: - . .
sequencing: =~ — L , Sy -
.88 ipw.2.1.79 . ) - T 15-1
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W

R convenient sequencing for preSentation of this subject material- is
that which follows from the training manual outline. This will also
atlow the participants to raise questions with the sequential progression
. through the pages of the outline which should have been read by the
t participants. .

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

L]

A. Classroem Equipment aé§“5upplies

’ 1.- Blackboard and Chalk -
X. IPW REAGENT REQUIREMENTS: -
- A, None reqnired, e

]

XI. DESCRIPTION OF VISUAL MATERIALS:

. B !
A.:' None required.




SUBJECT MATTER
WHEN ACCOMPLISHED:
—~) ACCOMPLISHED BY:
e REQUIRED:

°

Advance Preparat1ons for Day Two Laboratory

Apbrox1mate1y 1 hour prior to Dai‘Two Laboratory

\

|

Staff

v

12 hoors

PREPARATION REQUIRED

@
"
-

REMARKS

Remove 48 hour MPN,Tests from
incubators and p]aéé:“each test
rack at the proper test position
(bench site)

i

- 3 T
585

Have sufficient sterile BGB, EC, and
. EVA tubes available.in laboratory -

Co]]ect'§amp1e for MF Testing

.trainkes to run MF test

Place m-ENDO broth at each
laboratory position

L]

_ Have laboratory operational
, “for laboratory studies

e
-%

. were consolidated due to incubator space, .

‘Was prepared 1ndiv1dua]]y én Monday

Iﬁdividua] racks should have been labeled:
as to trainee identification. If tubes

have racks available for part1c1pants to -
obtain theirs. '

. ~
Required for 48 hour MPN procedures.
also for verification test

EC

Several liters col]ected well m1xed and
placed in individual s1ng]e bottles-for

¢
kY

(Day One) and stor¥d in refrigerator
and should have been labeled as to

trainee 1dent1fication

1. MPN Transfer egu1pment/tra1nee

2.” Sterile BGB, EC, and EVA tubes available
MF test equipment/supp]ies at each

laboratory position

MF Data Sheets distributed

A11 incubators operational

—

w
.

.

o

o _,_‘.r_—-—

‘].Ifl
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. !kg‘\ENTRY LEVEL BEHAVIOR:

- '\
-~ GUIDELINES FOR . - '
. INSTRUCTIONAL PACKAGE WORKSHEE

1. SUBJECT MATTER: Laboratory Briefing for Day Two

¢ . 1 . .
<II. UNIT OF INSTRUCTION: Summary of Iopic Presenta;ioh« : :\\\
III. ESTIMATED TIME: 45 minutes ’

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure understanding of
previous laboratory work and to give a briefing for the work to,be accemplished

during Day Two Laboratory: .

v

o

A. Having performed the Day One Laboratory procedures
VI. INSTRUCTIONAL OBJECTIVE: - -

A. Terminal Behavior: The*participant will be acquainted with the various
areas of instructional material covered in the training course:manual
and better be able td utilize them in ‘an open book laboratory situation
which immediately follows the briefing session. ‘

4

B. Conditions: Instructional material as covered in various parts of
course training manuat and as directed by verbal instructions.

; C. Accepted Performance: Utilization of assigned pages of course training
manual in conjunction with notes taken during briefing sessions.

.

WII. INSTRUCTIONAL RESOURCES:’ . _ -

ks

_A. Available Media:

1. Traiﬁing Manual Outlines: -

o o Outline . = = Seétion - - " Purpose
- MPN Methods 48 houf examinatigh Provides correct technique
s s . _ . of culture transfer and
9 P .. . approved methods - ‘.,
e - =) N - R % oe
<. = VerifiedMF . Verification of Contihuatioq of verification
‘ . Tests - Fecal Coliforms ~ procedures Ef
Detailed Membrane_ . Tests for Coliform Provides procédural
~  Filter Methods - Group .  informatjon '

B
n

2. Sugge$ted Media: o ’ -

€

a. None

“VIII. INSTRUCTIONAL APPROACH:

‘ A. Preparation for Instruction: /ff“ “ L.t

3 [N

1. Review agenda for time seqdéncihg‘and written material for content
and prepare bnipfing. ) S ' .

SRR 572

P . » * s




2. Prepare handout (or use blackboard, -if desired) indicating to
trainee the written material to review, . An example of such a
handout would be as follows:

. ITtem Outline and Pages Stézdard Methods (14th Edition)
MPN Methods - Examination of Water 916 to 917; 920 to 921
48 hour Procedures) for Coliforms and 943; 922 %

Streptococcal Groups

3-13; 3-15; 3-15 to

“ 3-17; 3-21; 3-24 :
N 3-20 - e v

“Hﬁ~ﬁ3thods ~ Detailed MemerHE 932 ‘to 933 -
Filter Methods
11-5 (D.7) to

11-6 (D.16) .
B. -:Sequencing:
1. MF Methods . ~

2. MPN Methods (48 hour test procedurés)

3. Continue with MPN test rack (the 48 hour examination for -
Coliforms and Feca}fgtreptoeocci) as demonstration.

IX. JPW EQUIPMENT AND SUPPLY REEEIRkMENTS:

="+ As. Classroom Equipment and Supplies:
1. B{ackboard and chalk, ~
2: Demonstration setup. . ' y
X. “Ipw, REAGENT REQUIREMENTS:
. 'A. None required.
Xi. DESCRIPTION OF VISUAL MATERIALS;

[

« A. None required

I o * V113 . ' 16-3




s Day Two Laboratory , ’
. . Tt - . . ! , 16'4
MPN Test Procedure: . g : . ’ :

d

. Read and Record.all tube results.
- o . Transfer all positive lactose tubes
. . . to BGB and EC. EC tubes are discarfed
: ) » R ) after 24 hours. A1l negative lactose
tubes are discarded after 48 hours.

* " 48 Hour Examination.

S . N A11 EVA tubes which are negative hgve ' . \
- T ’ , , : to be inoculated again from its original
: ' ‘ postive AD tube which was retained|from
roo. - . - Monday. . . -
' q.r’ > . . ) . -'/j
MF_Test Procedure ) ‘ .
‘ “Run a given sample using 5 given Sample Volumes: (Examp]e)' \
. ' sampte volumes using the m-ENDO . . . ..
' . broth plates which were prepared 25ml ; 15m1 5 8ml 5 3ml f; .8ml
. Monday., Selected sample volumes ° - s
will depend on particular sample : -
“utilized.
. f’ ’

N ' . ' [ .
- 4 . . C : \ >
«

MF Verification Test

( ' ) Continue. verification test. Inoculate positive lactose tubes tp EC
- N\ 3 . - tubes and place in 44.5C incubatorl ) o

Reincubate negative lactose tubes for
an additional-24. hours, 1Record Results. .




I. SUBJECT MATTER: Use of Tables of N
1.
1.
Iv.

V.

. VI.

"VIL.

o

. VIIL

: GUIDELINES FOR. ) <
INSTRUCTIONAL PACKAGE HORKSHEET :

; -

UNIT OF INSTRUCTIOQ. Summary of Topic Presentat1on

ESTIMATED TIME: ~ 45 minutes

will enable the participant to p

,J ' .

=

cess completed laboratory MPN data sheets

JUSTIFICATION, FOR THIS INSTRUCTI?FAL OBJECTIVE: Knowledge 0f~this materlal

to compute the count/100 ml.
ENTRY LEVEL BEHAVIOR:

A. )
INSTRUCTIONAL OBJECTIVE: - | el

ar

None required.

eb

A. Terminal Behavior: The participant wi]] be ab1e to properly uti]1ze the

MPN Tables to obtain MPN counts based upon laboratory data sheet
recordings of tube positive and. negat1ve>resu1ts

Conditions: Instructional material as covered in course training manual
and the availability of the current editiop of Standard Methods for the
ExaminatiOn of water and wastewater for reference .

F

."Accepted Performance: In attendance to the lecture covering subject

material. Course examination may contain questions regarding this . ™~
subject. - o s

INSTRUCTIONAL RESOURCES , ' e

A.

" B.

" 1. None.
INSTRUCTIONAL APPROACH:
A.

Avaﬂable*ﬁedi ja:”

i/'

1. Train1ng manual outline: ‘“Use of. Tables of Most‘Probable‘Numbers“ Part 1

- 2. Standard Methods for the Examination of water and wastewater (for

the 14th Edition: Pgs. 923-926) N

3. Eight simu]ated .data $heets- as handouts to eaeh’ partic1pant to be
used as group instrUctional device.

Suggested Media: 4.

o

Preparatdon for Instruction: - £

1. Review training manual outline and pertinent pages,of Standard Methods.

2. Review the eight handout data sheets for proper responses. T

s

W.BA.mpn. 1pw3179 - . 1;6 . 'Q | 17-1.

Q

r ‘ - - -

L




3.

Prepare lesson.

Sequencing: ‘ ‘

1.

A convenient sequencing for presentation of this subject material

+ is that which follows from the training manual outline (Part 1).

This will also allow_the participants to raise questions with the
sequential progression through the pages of the outline which should

- ‘have been read by the participants.

Handout the simulated 8 data sheets to each participant apd as a
group exercise obtain the correct MPN values.

IX. IPH EQUIPMENT AND SUPPLY" REQUIREMENTS:

A.

w
For each student:

1.
2.

C]asérqom equipment'and supplies.

Blackboard and chalk.

X. IPW-REAGENT REQUIREMENTS:
A. None required.
XI. DESCRIPTION OF VISUAL MATERIALS:

‘A.  Eight handouts (Inétructors so]utighs given):

N\

No. “ Data Sheet Identification Fecal ECB Code~ Code Selected ° MPN per 100 ml*

-~ N

1 520 . : 521-0 521 . . 700
| 53 . 1-0-0-0 . 100 .20
54-1-0  + S41 © 1760

55 . 5421 TS S
56 0-0-0-0 ' 0-0-0 <20
57 0-1-0-0 / , - 0-1-0 200
. LToss10 ) sl 3,

59 X655 ¢ ' ‘ '

? >

4

*14th Edition Stindard Methods .
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FECALéEOLIFORM TEST
. Multiple D%lu ion Tube' (MPN) Method

Sample Source E£Ylust -Llart 2 Lab. No., S2 -
hStqtion & Collectlon Date I/I [7¢1me Jo:00 AfM
.Received. in Laboratory’oJOAfM Test Started /0; 30APN
By A L. Jotir T
Rémarks .

ml sample [tube [ Presumptive Fecal | No.Tubes
per tube |code LLSTB . ECB Positive
24 hr, |48 hr.| 24 hr.

Zo .

“Code of Positive Tubes: = = MPN Index -
Fecal Coliforms:’ /100 ml Reported by:




.

‘ FECAL COL RM TEST
Multlple Dilution Tube (MPN) Method

Salpple Source -.?W 4 Lab. No.§53 - -
Statlon 4 Co ectlon DatéT r2/74 9"r1me 9: 45 nPM .
Received in Laboratory 29 %9 afM Test Sﬁanted'o‘“ 9130 npM

' By ¥ LIV
Remarks . ' ’
ml sample | tube | PyYesumptive |[Fecal | No.Tubes
per tube code LLSTB . ECB | Positive

4 hr. |48 hr.|24 hr.

~

. i 2
- a / + - )
b J = | = ? Sy
lo ! y o -

0. 01 le = = -
,d 7 — - N
(- — -
. 24 - oy
2b.| - - |
0.00/ 2o = =
. 2d - -
22 | — -

’ £
Ty r ===
Code of Positive Tubes: ~ - - . MPN Index .
Fecal Colifornis: /100 ml1 Reported by:
17-4 - . ‘

. Q . ’ . . 119 : '




—_ FECAL COLIFORM TEST

* Multiple Dilution Tubg (MPN) m
Sample Source £ ~Plnt 16  Lab. NB.?_S'# -
Station, 3 Collectlon Date ’/’327‘/1‘1me 9: 3’0 9:32 apM ',
10: .
Recempd in Laborato::y APM Test Started #; 30A7M . T
i By N4 J 7 -\
" Remarks  __ R ] s
ml sample | tube | Presumptive |Fecal No‘Tubes . ' .
~ per tube code " LLSTB ECB Positive ‘ N
e ' 24 hr. (48 hr.|24 hr. | ®
. \ / . Q. _,_ ) - . ) o
S ‘ b + g+
- /.0 c + - I o ' P
. d S + + . ~.
. L - ' ) _t+ /
* N & . /‘ "" H h
a 4 b | o+ ]
* ‘ o' | ¢ + Rl L )
T : < + - -
i 5 . L. ’ . . .
. ) . /QJ i B R
16 - + - '
0.0/ ‘e C— 1§ + - .
. / -
/l i \__/ + . o’
’L —~, o ;‘ ) ' il k- ’
. mmiﬂmmmmw o
3 za’ . a— . - ’;
- ) Zb -] — -
0.00/ 2oL = = -
2 d ‘. ¢ J LY R B Q
s ~b_ - hand - ’
_________ WMWWW s
v . A '| .
S \:‘ ’ . . .
N :
- Code of Positive Tubes: - - MPN Index .
““  Fecal Coliforfs: /100, m1 Reported by:
T L Co s
-~ '.4,‘ " N . “e '6 . »

120




Station 4  Collection Date’/”'/”‘ﬁl‘ime 9: 45" ApM

FECAL COLIFORM TEST.*
Multiple Dilution Tube (MPN) Method

Sample Seurce'%ut- Poart 22"  Lab. No. S5

. . fo: ol .
“Received in Laboratpry 20_ A}‘M Test Started/¢:3J0 APM

{

By NoJ
Remarks )
ml sample | tube ‘| Presumptive Fecal No.Tubes
. per tube code LLSTB ECB Positive
i 24 hr. |48 hr.| 24 hr.
L + +
b + +
/.o ¢ + —+
“d + b-a, + -
. . . 2 + }I ’ o+
mmrlmf A ; I RN RIS AT RN B
. a, L\ : + .
) _b. + 4 ’
~0./ c | ¥ +
d | = | =
— -& e o+~ B
. Ty "
/& + e
‘ - lb_| -+ , - :
D/.‘OI e + | + \

<

Code 'of Positive Tubes: -

- - MPN Index ___

- .
Fecal Coliforms: /100- m1 Reported by:

-

L

E B 4 B 03090 [



-~

T

-
Sample Source £M Plart 2 “Lab. No. £¢ -
Station_ (4 Colléction Date'/”[‘/rlme 9 tto AI?fvi '
Recelved in Laborator§ ° ﬂfM Test Started //:oSApM )
, .- By ML J
"Remarks : ~
ml sample [tube [ Presumptive Fecal No.Tubes *
per tube |code LLSTB |- ECB Positive ‘ .
24 hr. {48 hr.| 24 -hr. : - .
L~ — . - ) b - - *
b.| - + | — :
/00 C . —— + o
., 7 = - . .
=
c
o.1 = = +_
i — —
- ' . @ —— - N
T R e e e —
la —

FECAL COLIFORM TEST '
Multiple Dilutioh Tube' ({MPN) Method ) -

1

N
Codepof Positive Tubes: = - - MPN Index -
Fecal Coliforms: /100 ml Reported by:

17-7 -




L

I [

— . Ty ®
. FECAL COLIFORM TEST
§ Multiple Dilution’Tube (MPN) Method
N . .
i Sample Source L_ P Lab. No._67%7
Station . ¥ Collection Datel/!7/74ime 9: 50 . AfM
Received in Laboratory” aoAiM Tedarted” /o AfM
B By Z/Z.u/
Remarks .
ml sample |tube [ Presumptive Fecal No.Tubes
. per tube |code LLSTB ECB Positive
) - ~24 hr. |48 hr.|24 hr.
. - el N
- K ad -—
/'o b N +
. c + -
- V d —‘t ' - s
I3 L — R — -
b '
0./ = c +
2 S o
; d - | 4 —
A —m —— ¢
la - —
.5 0.0y e | = = —
/C — - T ¢
,d — L
‘ si — — :
: . \ZQ,\\\——\ -
26| ~ —
.00 -
0.00/ = — |
_ o ofad | - [ =T R
T LL — N - ¢ '
A T KX, S Y TENTY TR RN I et S
W ' .. . x
<7 Code of Positive Tubes: - - MPN Index

Fecal Coliforms: __ /100 ml Reported by:



FECAL COLIFORM TEST
Multiple Dilution. Tube (MPN) Method !

Sample Source Eﬁ-&‘h‘t-?&uf /L Lab. No. §&

Station 3 Collection'Datelﬂ4z7yTime’0:26 APM .

“ Received in Laborator'yl‘oo AVM Test S\tarted”"’fAfM ]
< By L[IL\/ '
Remarks : : '
ml sample | tube Presumptive Fecal No.Tubes
per tube [ code LLSTB ECB Positive
R \ 24 hx. |48 hr.| 24 hr.
@ + - _ + -
+ += |
/' o c +. - N -+ §
d + +
: 2 +: | + . .
DSOS AR RS mrnwm. = MR AT T oo SRR T3
2 + - ¢! +
b | - + ’
Oo l s._. + . e
d N-4° ——
2 + + .
[ AT
"IQ‘ - +- . —— e
1b -] =
0.0} le + - +
ld -
) -,
A Y
Code of Positive Tubes: - - MPN Index
. Fecal Coliforms: /100 ml Reported_by: . .
e . . ° :
‘ ‘ 17-9
¢ i v
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FECAL COLIFORM TEST
Multiple Dilution Tube (MPN) Method

v

, Sample Source l'._-#&uat- Plant 22 sLab. No. 59

(/4 .
Iy Station 4 Collection Date’["/z7‘{ime 10:00 pgy
Received in Laboratoryw‘A‘#M Test Started//’%° ApPM
\ L By __
' . Remarks
ml sample | tube | Presumptive |Feccal No.Tubes
per tube |code LLSTB ECB wPositive
. ) 24 hr. |48 hr.| 24 hr.
* a % ol
. b -+
) Io‘o C - i
x d | + - |
L + - )
WWTWWWk&FMQW—
2| + |
0.1 e +
d |. -+ '
2 -+
l--nnnnzh--uum---J - ——TT—

los +- +-
. /b | + +
. 0.0t le + 4+
' 1d, + -~
2a + +
2 b + +
0.006/ 2.c + +
°} 2d + + —

~

—

' Code of Pésitjve Tubes: - - MPN Index
Fecal Coliforms: /100 m1 Reported by:

- . .
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GUIDELINES FOR™ i
. INSTRUCTIONAL PACKAGE WORKSHEET,

SUBJECT MATTER: Verified T;mbrane Filter Tests .
T

UNIT OF INSTRUCTION: Summa}y of prib Presentation

ITI. ESTIMATED TIME: 40 minutes i
. IV, JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will be aware
: of need and technique of performing the verification test for each of ‘the
standard indicator .bacteria. g ’ ‘ -
V. ENTRY LEVEL BEHAVIOR: -
T A None ‘required.
_ VI. INSTRUCTIONAL OBJECTIVE: .
A. Terminal Behavior: fhe~participant will be able to ut%lize standard
or experimental membrane filter plates, intended for Total Coliform,
fecal Coliform, and fecal Streptococcus, to obtain pure cultires and
process them for identification and calculation of a percent verificas
tion. v \ . i
B. Conditions: Instructional material as covered in course training manual
" and the availability of the current edition of Standard Methods for the
Examination of Water and Wastewater for reference. Verification test
has already been initiated for the fecal coliforms during the first -
- laboratory session allowing the participant some prior knowledge of
this subject. % ) - -
C. Accepted Performance: In attendance to the lecture céverihg subject
-material. Course examination may contain questions regarding this
subject. ) ¥
VII. INSTRUCTIONAL RESOURTES:
A. Available Media: ) .
1. Training manua} outline: "Verified Membrane Filter Tests" )
2. Standard Methods for the Examinatioﬁ of Water and Wastewater
(for the 14th Edition: Pgs. 931; 935! 945)
B. Suggested Media: ) ' ,g’ o .
1. None . ‘ '
- VIII. INSTRUCTIONAL APPROACH: L
' - . =
, - A Preparation for Instruction: 2 ~ ' = .. . .. .
T 1. Review training manuh]jéﬁt]ine and pertinent pages of Standard Methods.
’~ T, =i ‘
N.BA.mem;ipw.4.l.ZQ ] 4?5‘ : 18-1
\)‘ - By, - T ‘:5: M L26 .

. A, [

as ) .

*r




-

2. Prepare lesson..” ' .-

c . .B.  Sequencing:

1. ‘A convenient sequencing for preséntation of this subject material
is that which follows from the training manual outline. This will
v also allow the participants to raise questions as they not only
' -~ should have read the outline but have processed fecal Coliform
. cu]tures for verification in the laboratory exercises

IX. IPW EQUIPMENT;;&D SUPPLY REQUIREMENTS:

s

dent.

A. For each st

1. CTassroom equipment and supplies.

4,

L]

!

.
~—
o -

2. Blackboard and chalk.
X. IPW REAGENT REQUIREMENTS
A. None required '
XI. DESCRIPTION OF VISUAL MATERTALS:
A. Nope required.

Instructor may elect.to show laboratory preparations of the.verification
test during the presentation. Since the fecal Coliforms were participant

. processed, the demonstration choice could involve the Total Co]iform
and/or fecal Streptococci. ~



e

GUIDELINES FOR .
INSTRUCTIONAL PACKAGE WORKSHEET

-

I. SUBJECT MATTER: Bactéfiojogicgl Laborétory; .Egdipmenf, Materials,
e *  and Supplies - - B

- Faly

IT. UNIT OF INSTRUCTION: Summary of Topic Presentation

Id

I11.. ESTIMATED.TIME: 1 Four and 10 minutes .

IV. JUSTIFICATION.FOR THIS INSTRUCTIONAL OBJECTIVE: Paﬁticipanf will be “
aware of the materials, equipment, and supplies that should be avail- :
able to the bacteriological laboratory.to perform in an acceptable
manner. /

V. ENTRY LEVEL BEHAVIOR:-
A. None reduired.
VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will be knowledgeable of the -
- materials, supplies, and equipment which shouTd be available and
operational in a bacteriological laboratory which is capable,
dependent upon correct analytical procedures, of performing.in
an acceptable manner. ' .o

Id

Conditions: Instructiona] handout material (if desirable by
instructor) 1isting Capital Equipment, “Reusable supplies, and
consumable supplies of some representative test procedures by

a bacteriological laboratory. . _ ; .

, >

1]

Currént Edition of Standard Methods for the Examination of Water -

and Wastewater for reference.
b2 kN

Sohg exposure to bacteriological laboratbry mateﬁﬁai, }quiﬁﬁént .
and supplies has .already occurred during laboratory sessions. °

C. Accepted Performance: In attendencé tp the lecture covering
subject material and instruct®n observation of techniqlies during
laboratory sessions. Course examination may contain questions
regarding this subject. / ‘

VIT. INSTRUCTIONAL RESOURCES: - :

3

-

A. Available @edia:

e o

1. _Standard Methods for the Examination of Water and Wastewater o
. (for the 14th Edition: Pgs. 880-884, 885-886, 887-891;. _
2. Equipment gnd Supply Requiremehts (Instructor Guides and/or
handout ma rialg-Representative Procedures. .,

a. Standard-Plate Count (follows this IPW) et
4 . (kl . . L) N ” ) . 19-1
W.BA.1ab.ipw.1a.11.80 128 \ o

Q -




o - N - N . &

. Co]iform Test by the Mu]tipTe Dilution Tube (MPN) Method : ' . l

b
v c. CompTeted‘Test for the MPN-Method _ ) ~~‘ . .ot ) l
< s Total Coiiform Test by .the Membrane Fi]ter Method - \J
" 3. Training Manual Outline: Testing The Suitability of Distilled
Water for the Batteriology Laboratory. . .
- . & Instructor Referenceé Laboratory Safety Practices. N
° o " » . . . . 1 & N . . R ,‘ © .
g B. Suggested Media: = :_ .
—~ 1. None - ] -5 o ;;;T
_VIII. INSTRUCTIONAL APPROACH: R
o’ : . .
A. Preparation for Instruction: : . : .
o =29 > . . > . .
- * 1. Review written materials. ) L .
_ ) Material? ’ . - Remarks
/ "Standard Methods Equipment, materi ], and supp]y
e p ' : requirements. .
Equipment and Supp]y " .. Review for typical reqiirements
Representative-Procedures -of a bacteriological iaboratory-
- . ‘couid be helpful to participant
- ) S X . handout - o
o é_ «
. Qutline: i}esting the : Descr bes test procedyre and .
Suitabilify of Distilled . requirements of a suitable water
. Water for ‘the Bacterio- for laboratory use.
Jdogical- Laboratory e e o
' a A .
“Reference: Laboratory , General laboratory safety
. T : Safety Prattices E , ,
Q 2. Prepare Tesson. *o . T ’
. epare e son. i T : w .
B. Sequencipg: -~ ) > e

1. A convenient approach to this subjett would-be to:
a. Discuss the need fory and basica]1y cover, the disti1led
- water subject.

¢

r
¢

b. 4Utilize the equipment and supply réquirement lists to describe .
a suitably equipped Jaboratory. . Indicate unsuitable practices -

. as’ the subject occurs such as: L . ]
. % Accepted Practice . . . Unsui;ab}g_?ractice q
. .90 . * . .
- Autoclave meeting- . . Poor pressure cooker ‘ . .

requirements . -« equipment




‘ - - R )
* .

'S

. .PH meter méeting Poor prattice of

. srequirements using paper pH
o . - tpdiqaton“
incubator meeting . Incubator with "hot"
3 - requirements - and "cold" spots which ;
. - . , are used.

Refrigerator meeting Refrigerator freezing
requirements . conteniadg having edible
o~ - il foodss” containing organic
. ’ : material “fumes, etc.

c. Discuss GeneraT/EébOratoﬁy Safety. :

v . )
d. If time and facility arréngement allows, a tour through
.laboratory. preparation area could be scheduigd. -

"CIX.” 1P EQUIPMENT AND SUPPLY REQUIREMENTS:

“A. Classroom equipment ‘and éuppiié§,$ o, :,f Lo
e e

%. IPW REAGENT REQUIREMENTS: SR oS
. A. None required. - ) .

XI. DESCRIPTION OF VISUAL MATERIALS: - <

> A. Norme required. 3 S e
-
%
3. - K
© - >
\ \
- . - » ;' -
)
, I B . 19-3
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WATER MONITORING PROCEDUPE: Standard Plate Count

Equipment and Supp]y Requirements .
A. Capital Eguipment

12 Autoclaver, providing uniform temperatures up to and including 121° C,
equipped with an accurate thermometer, pressure gauges, saturated

steam power lines and capab]e of reaching required temperature within

30 minutes. -
Balance, 0.1 g sensitivity at -1pad of 150 g.

Incubator*, air, to operate .at 35° C + 0.5° C

Oven¥*, hot-air sterilizing, to give uniform temperatures and with
suitab]e thermometer to register ‘accurately in range of 160-180° -C.

pH Meter, accurate to at leaSt 0.1 pH unit, with standard pH reference
so]ution(s)

Water Distillation Apparatus*, glass .or block tin .or source of distilled
wateri suitable for bacteriological operations.

Incubator*, water, to operate at 45° + 1° C. -

Refrigerator* to operate at 4° C. v

Thermometer, mercury bulb,. .certified NBS or calibrated against a certified
NBS thermometer 0 5° interva]s and have 160-180° C as part of range.

W 0~ N (3] HWN

+

. B, Reusable Supp]ies.
SRR B Apron or coat suitable for laboratory..
. Baskets, wire for discarded cultures. . : -
Bott]es. dilution*, 6_oz. screw caps, with 99 ml vo]ume Tevel etched on-.
one side, i .
‘Bottles, sample*, preferred characteristics being 250 ml (6- 8 oz ), *
wide mouth, glass stopper.®
. Bottle, squeeze type, with disinfeoting.solution. R . '
Burper, gas, Bunsen burner type.: ' - - Xk
Cans, -pipet, ‘aluminum or steel; not.copper (If p]astic, or’ other type of )
prepackaged disposable pipets are used, this item is unnecessary.) - P
Counter, colony, Quebec type, Darkfie]d model with guide plate hand tal]ey.
Cylinder, graduated, 100 ml. e
Cylinder, graduated1§500 ml. i ) .t
Dish*, petri, sterile, 100 mm diameter, > 15 mm in height with glass or
porous tops preferreda(presterilized sterile one-time-use plastic tubes
may. be used).
Elask*, Erlenmeyer, 250 ml capacity. X
Flask, Veltmetric, 1 liter. ) - -
Pan, to receive discarded contaminated pipets aﬁd,giassware (must contain
diSinfectant before use). .
Pipets*, 1 ml, having 0.1 ml increments, sterile, cotton plugged _glass or
disposable p]astic. TD type (NOT a "blowout" type). - )
Pipets, 5 ml, having 1 ml increments (have several on hand). .
Sponge, for cleaning desk top.
Thermonmeter, mercury ‘bulb, certified NBS or calibrated against a certified
NBS thermometer 0. 5° intervals and have, 30-40° C as part of:range.

-

-,
v
‘ 5




®

WATER MONITORING PROCEDUREs ~Standard Plate Count A

%
v 7

Equipment and Supply Requirements (Continued) '
C. Supp]ies'Used Up in the Analysis (must be replaced when stocks get low):
. - Cotton, .rmonabsnrbent.

Disinfectant, for bench tops. (Use household bleach solution prdbared
according to instructions on bottle.). )

BN el
-

3. Distilled witer, suitable for bacteriological cultures (note distillation
apparatus required in capital equipment). .

4, EDTA (ethylene dinitrilotetraacetic acid): . .- s

5. Feil, aluminum. . -

6. Paper, Kraft. .

7. Magnesium Sulfate (MgSOa'7H20) (recommend purchase of 1/4 1b. :units).
—8+ Pencil, waX, (recommend soft wax equivalent to Blaisdell 169T). :
9. Potassium Dihydrogen Phosphate (KH2P04) (recommend purchase of 1/4 1b. units).

- N—_’/‘[A -

10, Sheet, Data, SPC. ‘ '

.. 1. Sodium Hydroxide (NaOH). .
" 12, Sodium Thiosulfate (Na25203.5 H20): : .
13.  Tryptose Glucose Yeast Agar, dehydratedunadium (recommend purchase of
" 1/4 1b. unit). 7 . .
L4 ' 4
.- oA
A~ h 4 \
% \ ‘
. -

® <« ; . ’ 2« 1 -

*Items marked are needed in quantities or require size or spale d1lowances
which cannot be specified here, as they vary according to the daily. analysis
schedule. As a rule-of-thumb, space/size or quantity -requirements, should be
at least,3 times the normal daily requirements. For further information on
specifications for equipment of supplies, see the Microbiology Section of
the current edition of Standard Methods for the Examination of Water and
Wastewaters : . .

.;_( - 132 / VL 195




- -WATER MONITORING PROCEDURE: Coliform Test by the Multiple

. Equipment and Supply Requirements

Dilution Tube (MPN) Metbod

-

[
“A. Capital Equipment:

1. Autoclave, providing uniform temperatures up to and inc]udingﬁ12]° C,
equipped with an accurate thermometer, pressure gauges, saturated
N steam power lines and capable of. reaching requ1red temperature within
30 minutes . . .
2. Balance, 0.1 g’sensitivity at load of {150 g
3.- Air Incubator to operator at 35° C + O\5° €
4. Oven, *hot-air sterilizing, to give uni¥form temperatures and with
suitable thermometer to register accurately in range of 160-180° C' .
5.7 pH Meter, accurate to at least 0:1 pH unit, with standard pH reference
so]ut1ons(s)
6./ Water distiTlation apparatus, (g]ass or block->tin), or source of

t

) distilled.water suitable for bacteriological operations
» o o
B. Reusable Supplies: - - R
1. Apron or.coat suitable for Taboratory-
2. Baskets, wire for discarded cultures - \\° g .
3. Bottles, dilution*, 6-o0z. screw cabs, with 99 ml vdlume level etched
on one side
4. Bottles, sample*, preferred characteristics being 250 ml (6-8 oz.), ' d?
,wide mouth, glass stopper .
5. Burner,.gas, Bunsen burner type . L
6. Cans, pipet, aluminum or'steel; not copper--(If p]ﬁst1c, or other type
of prepackaged disposable pipets are used, this item is unnecessary.)
7. Metal caps* to fit 18 and 25 mm culture tubes
8.~ Pan, to receive discarded contaminated p1pets and g]assware (must e
contain disinfectant before use)
9. JInoculation loop, 3 mm diameter loop of nichrome or platinum-ir1d1um
wire, 26 B&S gauge, in holder .. ‘
10, P1pets*, 1 ml, with 0.1 ml graduations, Mohr type preferred, sterile,
—cotton plugged, glass. or disposable plastic
11. Pipets*, 10 ml, with 1.0 ml graduations, Mohr type preferred sterile,
-cotton plugged, ‘glass or disposab]e plastic
12. Racks,/zﬁ1ture type*, 10 x 5 open1ngs, to accept tubes at 1east 25 m P
in diameter pEERY BN )
13. Sponge, for cleaning desk top .
14. Tubes, culture*, 150 x 25 mm
15. Tubes, culture*, 150 x 18 nmm .
16, Tubes, fermentat1on* 75 x 10 mm vials to be inverted in cu]ture tubes *

C. Consumab]e Supplies: ~ . o _ - Cy

’

: 1. D1st111ed water, suitable for bacter1o]ogica1 cultures (note distillation -

" apparatus required in capital equipment)

2.1 BGLBB (Brilliant Green Lactose Bile Broth), dehydrated (recommend purchase

of 1/4 1b. units) ‘e
3. Lactose Lau;y] Su]fate Tryptose Broth, dehydrated (\‘tommend purchase of
1 1b. units .
4. Postasium Dihydrogen Phosphate (KH P04) (recommend purchase of 1/4 lb
un1ts) . ) . -

~
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* WATER MONITORING PROCEDUYRE: Col1form Test by- the Multiple
. Dilution®Tube (MPN) Method
&

C. - Consumable Supp11es (Continued): .

Disirifectant, for bench tops. (Use household bleach solut1on prepared
according to instructions on bottle)
Wax ‘pencils (recommend soft wax equivalent to Blaisdell 169T) .

EDTA (gthylene d1n1tr1]otetraacet1c acid)
Sod1um thiosulfate (Naz 203 5H 0)

I

v
B N ~ L4 -

*Itemsdmarked are needed in quantities or requjre size o of space allowanees wh1ch
caonot be specified here, as they vary accorqing to. the daily analysis schedule..
As a rule-of-thumb, space/skég or quantity requirements should be at Jeast 3 t1mes

the normal daily requirewen For further information on specifications for
equipmént-and supplies, see the Microbiology Section of the current edition of -
"Standard Methods for the Examination of Water and Was tewater."

——
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WATER MONITORING PROCEDURE: Completed Test for the MPN Method :

Equipment and Supply Requirements
A. Capital Equipment: '

1

w

~N Oy oy

B. Reusab]e Supp]wesr

o
OWO~NO (S0 =) W N~

.

..*Incubator, air,gto operate at 35° + 0.5°C
2. t

*Oven, hot air, sterilizing-drying, to give uniform temperatures and with
suitable thermometer to register accurately in range of 160-180°C

."*Autoclave, providing uhiform t peratures up to and including 121°C,

equipped with an accurate thermowmeter, pressure gauges, saturated steam '
power lines and capable of reach‘ng required temperature within 30 minutes

. Balance, 0.1 g sensitivity at load of 150 g
. pH Meter, accurate to 4t least 0.1 pH unit, with standard pH reference

solution(s)

.‘Water'ﬁ1st1]1at1an*apparatus, (glass or block tin), or source of distilled

water suitable for bacter1qlog1ca1 ‘operations

. M1croscope, compound, 0il immersion lens Abbe condenser

Y

~

Apron or cqffk suitable for laboratory
Baskets, wire for discarded cultures
Tubes, *culture*,.-150 x 18 mm (meta] caps for fermentation and screw-cap
for slants) -

&’

-Tube$,-fermentation*, 75 x 10 mm vials to be inverted in culture tubes

Inoculation loop and needle, 3 mm d1ameter for loop and both of n1chrome or

‘platinum-iridium wire, 26 B&S gauge, in holders o

. Hotplate with magpet1c whirl féature, if des1red o

. Burner, gas, Bunsén burner type - o - ’
. Sponge, for cleaning desk top

. Counter, colony, Quebec type, Darkfield Model with gu1de plate

. Racks, culture type*, 10 x 5 openings, 'to accept tubes at ]east 25-mm in

. diameter ;

w—t
w—t

12.
13.:

1.
2.

3.

Nutrient agar, dehydrated

woNOg &

. Pan, to. receive discarded contam1nated p1pets and g]assware (must conta1n

disinfectant before use)
*Flasks, Erlenmeyger, 500 ml; 300 ml, 250 mi
*Cylinder, 500 ml; 250 ml C

€. Consumable Supplies:

B1bu]ous paper

Dishes, petri, t00 X 15 mm sterile plastic, d1sposab1e °

Disinfectant, for Bench tops. (Can .use-household bleach solution prepared
according to instructions on bottle.)

Distilled water, su1tab1e for bacteriological cultures (Note d1st1]]at1on
apparatus requ1red in capital equipment. ? .

. Eosin_methylené blue agar, dehydrated (Levine mod1f1cat1on)
. Gram stain solutions, complete set

Lactose .Lauryl Sulfate.Tyrptose aroth dehydrated

S]1des, microscopic, g]assg)" x 3"

A
.
sy
o]
(@4

L)
&
-
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WATER MONITORING PROCEDURE: Completed Test for the MPN Method

" 10. Foil, aluminum

11. Matches or striker
12. Wax pencils (recommend soft as equivalent to Blaisdell 169T)

:

» T

*Items marked are needed in quantities or require size or space allowances which .
cannot be specified here, as they vary according to the daily analysis' schedule.
As a rule-of-thumb, s gace/sfze or quantity requirements should be at least 3 times
the normal daily requtrements. For further information on specifications for.
equipment and supplies, see the Microbiology Section of the current ed1t1on of
"Standard Methods for the Examination of Water and Wastewater."

»
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WATER MONITORENG PROCEDURE: Total Coliform Test by the Membrane Filter Method
- . * \ . -

&
' r

. Equipment and Supply Requirements
A. Capital Equipment:

1. Autoclave, steam, providing uniform tempevatures up to and 1nc]ud1ng

. 121°C and equipped with an accurate'thermometer, pressure gauges, .

saturated steam-power. lines and capable of reaching required ‘temperatures -

within 30 minutes. (A]ternately, a suitable pressure cooker is acceptgble--
see Standard Methods for particulars.)

Incubator, air, providing uniform and constant temperature of 35°C. "~ '

+0.5°C and having an atmosphere of at Teast 90% relative humidity. .

. Oven, hot- -air, providing uniform temperatures within the range of 160-180°C

. Apparatus, water distillation, distilled water product suitable for

ebacter1o]og1ca1 operations (a]ternately, a suitable source is permissible).

. Microscope, stereoscopic, 10X.to 15X magn1f1cat10n with fluorescent
lighting mandatory. (Alternately, a suitable magn1fy1ng lens with
fluorescent lamp is acceptable.) .

. Refrigerator, set for-less than 10°C but above the freez1ng température.

. Vacuum source, preferably a pump assembly with suitable hoses and shut-off
valve provided. (Alternately, an aspirator or hand pump with the same :
provisions -are acceptable.) -

. Balance, analytical, sensitivity of | mg. . -

. Gas sgurce, suitable for.burner. (A]ternate]y, an alcohol lamp can be -

. . used -

(S, B~ N OV I AV

V.

~N O

~»
O

¥

-
(8

" B. Reusable Supplies: ) ‘
Apron, suitable for laboratory operations.
Bottle; sample, of sufficient size for standard sample, preferably of
250 ml, wide-mouth, glass stopper, with tag. (Alternately, 120 ml size)
. Bott]e, squeeze type, ‘containing disinfecting solution.
Burner, gas,, suitable for laboratory operations with connecting hose.
. Thermometer, NBS (or NBS calibrated), functions w1th1n 20°-60°C range
with individua¥ markings of 1°C. - P
.. Thermometer, NBS (or NBS calibrated), functlons within 150°-190°C ran§¥4/
with 1nd1y1dua] markings of 1°C.
. Filtration Unit, MF, a seapless funne] attached to a receptacle bearing
A a porous plate (screen, porous disc, etc.) and-constructed from stainless
steel, glass, porcelain, plastic, or other suitable material.
, 8. Hot p]ate, controllable heat range up to the 100°C range.
9. Balance, trip, sensitivity of 0.1 gram at a load of 150 grams, with
appropriate weights.
‘ ég. Meter, pH, accurate to within 0.1 pH unit, with su1tab1e standard 'pH =
reference so]utlon{s)
11.. Can, pipet, non-toxic and sterilizable material. (1f pre-sterilized , -
disposable type pipets are used, this item is unnecessary). : T
12. Pan, discard, receives, contaminated material and p1pets and contalns
disinfectant. Should be pf*suff1c1ent length to receive pipets placed
‘ *  horizontally.
. ® " 13. Cylinder, graduated, 500 m1, 100 m1, 50 ml, and 25 m] ‘size.
. (The:50-ml size is covered w1th d "cap“ of fo11 or Kraft paper and
. then sterilized.)  °

CJ ] - A} ’ . . -‘_ . .
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WATER MONITQRING PROCEDURE: Total Co]iforﬁpTest by the Membrane Filter Method

<

Equipment and Supply Requirements (antinued):

14. Blank, dilution water, 99 ml. .

15. Pipets, microbiological, 50. ml, with 0.1 ml graduations, sterile cotton (
plugged, glass or disposable types (the d1sposab1e types are for one t1me
use and may be glass or plast1c§

'16. Pipets, microbiological, 1.0 ml, with 0.1 graduations, sterile cotton
plugged, glass or disposable types (the disposable tyges are for one time
use and may be glass«or plastic).

17., Pipets, microbiological, 10 ml, with 1 ml graduations, sterile, cotton

> plugged, glass or disposable types (the d1sposab1e types are for one-time
. _use and may be glass or p]ast1cg :
18. Beaker, 50 ml (for measuring pH).
19. Flask, )volumetr1c, 1 liter capacity (for stock solution of phosphate
: buffer

20. Flask) Erlenmeyer, 500 ml capaelty (for holding buffered distilled r1nse

© water

21. Flask, sidearm, 1 liter size (for reservoir of MF apparatus, proper size
bored, rubber stopper is needed to connect MF -filtration flask to flask
and hose required to vacuum soérce (must be rigid enough to avoid collapse
under vacuum and flexible enough to be contpolled by pinch clamp) pinch
clamp - vacuum control.

22. Flask, Er%enmeyer, 50 ml (for prepar1ng m-ENDO med1um)

23. Forceps, curved end, round tip. . .

24. Bottle, small, Methanol or Ethanol volume to cover ‘ends of forceps

25. Sponge, small, to spread and wipe germicide.

26. Des1ccator, med1a storage, ideally, opaque or darkened and conta1n1ng
des1ccat1ng agent to remove moisture

C. Consumab]e Supp11es

. - 1
e ¢

Dish, petri, d1sposab1e, tjght f1tt1ng plastic, 50 x 12 mm, sterile.

m-ENDO Broth, medium, dehydrated, total co]1form Distributors, Difco,

BBL, or other equivalent preparation. :

- Pencil, wax, recommended of soft wax equlvalent t 1a1sde]] 169T.

. Tags, bottle marking.

. ‘Glass Wool. .

. Cotton, non- absorbent ) . s
Paper, Kraft wrapping. ' .

Foil, aluminum, heavy duty. ) DO

. Matches or striker.
10. Towels, paper. N
11. Detergent, non-toxic, laboratory c]ean1ng
12. Data Sheet, as required by analyst's agency.
13. Filter, membrane, 47mm, 0.45 um-pore size, white, gr1d marked, ster11e.
14. -Pad, absorbent, 48 nm, sterile (usually included with membrane packet).
15. Potass1um Dihydrogen Phosphate (KH2P04), recommended 1/4 1b.

16. Sod1um Thiosulphate (NaZS O3SH 0).

17. D1s1nfectant, for bench tops and decontaminating purposes, bleach of bis
household strength and prepared according to label d1rections
18. Sodium Hydrox1de1(Na0H), IN. .
19. Distilled water, 'suitable for bacterio]ogica] pperations. . Obtainable
- from distillation apparatus (see Capita] Equipment) or suitable source

of’sﬁpply

4

e e
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< WATER MONITORING PROCEDURE: Total- Coliform Test by the Membrane Filter Method

A

J
Equipment and Supply Requirement$ (Continued) L
20. Magnesium Sulfate (MgSO,-7H,0). e
21. Ethanol, 95%. S N -~
N - [ ‘

N » ! 1 o

.< s N
. . v A
‘s .
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Item needs in quantities or yequired size or space allowances cannot be specified; .
as they vary, according to the daily analysis schedule. ' As a rule-of-thumb, space/ l

size or quanéity requirements should be at least 3 times the normal daily require-
ments. For further information on specifications for equipment and supplies, see
the Microbiology Section of the current edition of Standard Methods for the

Examination of Water and Wastewater. ' ’ il
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1 Fire-resistant or noncombustible

2 Multiple story bulldings should have
adequate means of exit.~ . v

g . -
’ =

LES . :egg” e .
A ‘\- ; ¢
Y ”) Y ,
. . /\_
v ‘;:, . N4 K/‘-
7 . s LABORATORY SAFETY PRACTICES
~. T l
- - s
~1 INTRODUCTION: 3 Stairways enclosed with brick or .
' P ) cgncrete walls
A Safe Use, Handling and Storage of Chemicals - )
‘ 4 Laboratories should have adequate exit

1 Chemicals in any form,can be safely doors to permit quick, safe escape in
stored, handled, and used if their an emergency and to protect the
hazardous physical and chémical . - occupants from fires or accidents in

~ . properties.are fully understood and the adjoining rooms. Each room should be
; ' necessary precautions, including the checked to make sure there is no
use of proper safeguards and personal chance of a person being trapped by
protective equipment are observed. fire, explosions, or release of dangerous
: gases.

2 The management of every unit within a ‘. .
manufacturing establishment mush give 5 Laboratory rooms inf which most of the
wholehearted support to a well integrated "work is ,carried out with flammable

: ,safety policy. Hquids 'b‘?Zases should be provided
. T with explosion-venting windows,
B General Rules for Laboratory Safety o
] . B Arrangement of Furniture and Equipment
WA Supervisory personnel should think
"safety.” Their attitude toward fire 1 Fufhiture should be arranged for_
* and safety standard practices is reflected maximum utilization of availdble ‘space
s ¢ in the behavigr of their entire staff, - *and shouldf provide working conditions
that are efficiént and safe.
2 A safety program is @nly as strong as _ / “
_ the worker'swill to do the correct 2 Aisles between benches should be at
i things a't the right time, least 4 feet wide to provide adequate
co . o room for pagsage of personnel and
. 3 The fundamental ‘weakness of most Y ° "equipment.’
- safety-programsg lies-in too much lip )
o service to safety rules and not enough 3 Desks should be isolated from benches
’ action in putting them into,’practice. or adequately protected.
4 ety practicesqshould be pra;:tis:al and 4 Every laboratory should have an eye-
2 orceable, v { )  wash station and a safety shower.
a . . » kR
o 5" Accident prevention is based on certain ~ C Hoo;is and Ventilation X
L ,common standards of education, training i : - \
v "of personnel and prgvision of safeguards 1 Adequate hood facilitied should be
. against accidents. : installed where work with highly toxic
] i : or highly flanmable materials are psed.
. ol . ‘ - ° b
_ . I I.ABORA‘I"ORY DESIGN AND EQUIPMENT 2 Hoods should be ventilated separately
‘ . h . . and the exhaust should be terminated
A’ Type of Construction : ’ - .at a safe distance from the building,

3 Make-up air should be supplied to
roonis or to hoods to replace the
quantity of air exhausted through the
hoods.

*1
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4 Hood ventilation systems are best "4 Cylinders of compressed or Hquified ’
designed to have an air flow of not less gases should not be stored in the
than 60 linear feet per minute across laboratory.
the face of the hood, with all doors open . ,
and 150, if toxic materials are involved. F Housekeeping |
- . ;
5 Exhaust fans should be spark-proof if 1 Housekeeping plays an important role

sting flarimable vapors and in reducing the frequency of laboratory .
corrosive resistant if handling corrosive ' - accidents. Rooms should be kept in a
fumes. neat orderly condition. Floors, shelves,
! and tables should be kept free from .

8 Controls for all services should be « dirt and from all apparatus and cheml‘- 1
located at the front of the hood and cals not in use. ¢
should be aperable when the hood door .
is closed. : 2 A cluttered laboratory is a angerous

e . o place to work;. Maintenance of a clean
7 All laboratory rooms should have the Aand orderly wprk space is indicative of
air changed continjously at a rate :interest, personal pride, and safety-

terials being - mindedness. ' . p

depending on the
handled. :
. - 8.Passageways should be kept clear to all .

D Electrical Services o - building exits and stairways.

1 Electrical outlets should be placed , * 4 Metal containers should be provided for
outside of hoods to afford easy access . the disposal of’ broken glassware and
and thus protect them from spills and ] - ghould be properly labeled.
corrosion by gases.

LY

5 \Separate approved waste disposal cans,

2 Noninterchangeable plugs should be - 'should be provided for the disposal of .
provided for multiple electrical services. wasté chemicals. S :
3 'Adequate outlets shouid be provided and 6 Flammable liquids not miscible with N ’
should be of the three-pole tyPe to’ wa.ter and corrosive materials, or

provide for adequate groundi.ng. . compounds which are likely to give off .
. toxic vapors should never be poured
E Storage : into the sink,

1 Laboratories should provide for adequate G Fire Protection ) s

storage space for mechahical equipment |

and glassware which wm be used v, 1. Laboratory personpel should be ‘

reguldrly. - . adequately trained regarding pertinent ' l
. fire hazards associated with their work. -

2 Flammable solvents should not be stored . ; 7 .

. in glass bottles over one liter in size: 2 Personnel should know rules of fire ‘
Large quantities should be stored in prevention and' methods of combating -
metal safety cans. Quantities requiring ﬁres.._
containers larger than one gallon should

be stored.outside the labdratory, - $ — 3 Fire extmguishers (CO type) shoulds
- . be provided at convenient locgtions and
v 3 Explosion P f refrigerators should be personnel should be mﬂ?z: in their
used for thé storage of highly volatile . use’
and flammable solvents. . > .

s

effective for the control ‘of ﬁres in
¥ . chemical laboratories.

Ea

* .
' ’

4 Automatic sprinkler systems are N I
# 19-14 - ' _ . V l
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Laboratory Safety Practices .

H Alarms

1 An approve‘d fire alarm system should -
be provided,

2 Wherever a hazardl of accidental release
. of toxic gases exists, a gas alarm

system to warn occupants to evacuate
. the building should be provided,

3 Gas masks of oxygen or compressed air
type should be located near exits and
selected personnel trained to use them.

L NN

A
v

) Al HANDLING GLASSWARE

A Receiving, Inspection and Storage
1
Wl Packages containing glassware should
be opened and inspected for cracked or
nicked pieces, pieces with flaws that
may become cracked in use, and badly
shaped pieces,

'
.

2 Glassware ghould be stored on well-,

- lighted stockroom shelves designed and
having a coping of sufficient height
around the edges to prevent the pieces.
from falling off.

AT B Laboratory Practice
1 Selett glassware that is designed for the,
v . :type of work planned, :
2 Tosgut glass tubing or a rod, make a

stra clean cut yith a,cutter or file -~

; at the point where the piece is to be

- severed. Place & towel over the-piece
to protect the hands and fingers, then
break away from the body, '

3 Large size tubing is cut by means of a
heated nichrome wire looped around the
. piece at the point of severance.

4 When it is necessa

- of gl;lss tubing or & rod through a
perforated rulbef or cork stopper,
select the correct bore so that the
insertion can be m#de without excessive
strain,

to insert a piece

"«A Gas Cylinders

. ventilated,

"~

5 Use eléctric mantels for heating
distillation apparatus, etc. @

6 To remove glass splinters, uge a
whisk broom and a dustpan, Very

. small pieces can be picked up witha
large piece of wet cotton.

IV GASES AND FLAMMABLE SOLVENTS

8

1 Large cylinders must be seé‘&rely

fastened so that they cannot be dis- <

Jodged or tipped in any direction.

TR; . .

2 Connections, gauges, regulators or ' ;
fittings used with other cylinders must
¢ hot be interchanged with oxygen ‘

cylinder fittings because of the possi-

bility of fire or explosion from a

reaction between oxygen and residual

ofl in the fitting,

§

3 Return empty cylinders promptly with '
" protective caps replaced, ‘
; . % J, 5\
B Flammable Solvents

1 Store in designated areas well /:" T
. A /ﬁ‘

2, Flasgh point of a liq{ud is the température .
at which it gives off vapor sufficient to
form an ignitible mixture with the air

. hear the surface of the liquid or within

i the vessel used,

3 Ignition temperature of a substance is
the minimum temperature required to
. Initiate or cause self-sustained com-
"bustion tndependently of the heati ‘
heated element,: . ?

" 4 Explosive or flammable limits. , For
most ﬂammab}e liquids, gases and
. solids there i3 a minimum concentration

N of vapor in aingpr oxygen below which ~

propagation of flame does not occur on
/Z contact with a source of ignition, *°
There is also’ a maximum proportion of
vapor or gas in air above which .

* s . - -
f - - . [} / & . - ¢ . .
: . .
N . .
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range. "

propagation of flame does not occur.
These lindit mixtures of vapor or gas
with air, which if ignited will just
propagate flame, are known as the

"lower and higher explosive or flammable
limits." .

Explosive Range. The difference

between the lower and higher explosive
or flammable limits, expressed in
terms of percentage of vapor or gas in
air by volume is known as the "explosive

2

Vapor Density is the relative density-
of the vapor ag compared with air.

Underwriter's Laboratories Classification
is a standard classification for grading
the relative hazard of the various
flammable liquids. This clagsification

is baged on the following scale:

Ether Glass «vveeeeeee. 100

Gasoline Class....ceee. 90 - 100
Alcohol (ethyll) Class.... 60 - 170
Kerosene Class ....e... 30 -. 40
Paraffin Oil Clags .. ss.. 10 - 20

[ b

Extinguishing agents

CHEMICA L HA ZARDS

Acids and Alkalies T

1

4 .
Some of the most hazardous chemicals
are the "strong" or 4mineral” acids
such as hydrochloric, hydrofluoric,
sulfuric and nitric.

Organic ‘acids are less hazardous
because of their comparatively low
ionization potentials. However, such
acids as phenol (carbolic dcid), )
hydrocyagic and oxalic are extremely
hazardous because of their toxic

_ properties.

o 1

Chnmution of acids

B Oxidizing Materia‘h

1 Such oxidiziig agents as chlorates,
peroxides, perchlorates and perchloric
acid, in contact with organic matter
can.cause explosions and fire, °

2 They are exothermic and decom@ase
‘rapidly, liberating oxygen which reacts
with organic compounds.’

L)

3 Typical'hazardous oxidizing agents are:

Chlorine Dioxide
Sodium Chlorate
Potassium Chromate
* Chromium Trioxide
Perchloric Acid

C Explosive Power - *_

1 Many chemicals are explosive or form
compounds that are explosive and *
should be treated accordingly.

A few of the more corhmon examples
of this class of hazardous materials are:

Acetylides !
Silver Fulminate
Peroxides

Peracetic Acid
Nitroglycerine

Picric Acid —
Chlorine and Ethylene
Sodium Metal
Calcium Carbide

b Toxicity

1 Laboratory chemicals improperly
stored or handled can cause injury to
personnel by virtue of their toxicity.

' ;I‘ypes of exposure, There are four
types of exposurq to. chemica}a.
a Contact with the akln and eyes
b Inhalation
¢ Swallowing
d Injection

.
3
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) »,._/\ Laboratory Safety Practices
. .
< . . B M
VI PRECAUTIONARY MEASURES 2 First emphasis in the ldboratory ’
X . _ ) . should be on preventing accldents.
A Clothing and Personal Protective Equlpment i This means observing all recognized ‘
¢ ‘ safe practices using necessary personal
1 Chemical.laboratories shouldhave %% ¢ protective equipment and exercising
- special protective clothing and equlp?nent proper control.over poisondus sub-
. readily available for emergency use and Stances at the source of exposure,
for secondary protectiqn, of personnel « -~ . p
working with hazardous\materials. 3 So that a/physlcian can be summoned
’ . * promptly, every laboratory s“hoyld have
2 Equipment should be provided for adequate: posted the names, -telephone numbers,
. L ~ ~and addresses of doctors to be called.
a Eye protection 'Y e th an emergency requiring medical care, .
b Body protection co e
? " ¢ Respiratory protection REFERENCES
.d Foot protectioh Guide for Safety in the Chemical Laboratory,
, ’ e Hand protection J the General Safety Committee of the
L / P ' ‘ " = Manufacturing Chemists Association, Inc.,
. B Bodly Injury . Van Nostrand, New York (1954},
i K ) P . . .
1 Burns, eye injuries, and poisoning are This outiing was prepared by Paul F H aliba ch.
the injuries with which laboratory -
eople ryst be most doncefned Chemigt, National Training and Operatxonal
., People At bel - Technology Center, MOTD, OWPO, ¥SEPA, '
v ’ “> . Cincinnati, Ohio 45268
. - LN . 2" © - - 3
" v . N . Descrfp{ors: Safety, Laboratory, ‘Practices
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Water and Wastewater (12th Edition) states;

"Only distilled water or demineralized

a2

TESTING THE SUITABILITY OF DISTILLED WATER
FOR THE BACTERIOLOGY LABORATORY

water which has been tested and found free

from traces of dissolved metals and bac~-

tericidal and inhibitory compounds may

LXS

be used for the preparation of culturc media

W.BA.l1ab.12e.8.77

and reagents. Bactericidal compounds may
be meagured by a biologic test procedure
....'" This outline describes a suitable
procedure., -

B A need for such a test has been shown in
the lack of reproducibility of plate counts
jand a possible camse of inconsistent re-

" sults in spli ple examinations.

-~

: I THEORY OF THE TEST PROCEDURE

A Growth of Aerobacter aerogenes in a

chefically defined minimal growth medium.
-. The addition of a toxic agent or-a growth
" promoting substance will alter the 24 hr
population by an increase or decrease of
20% or more, when compared to a control.

II APPARATUS AND MATERIALS

A Glassware - rinse all g],gssware in freshly

redistilled water from a glass still. The
sensitivity of the test depends upon the

" cleanliness of the sample containers,
flasks tubes, and pipettes. Use onl)‘

- borosilic ate glassware .

'B Culture - any strain of coliform IMViC .

type -~++ (A, aerogenes), This canbe
easily obtained from any polluted river or
sewage sample..

~
z
~

)

\
i

1)
v
A

€ ~

REAGENTS . J

Use reagents of the hxghest purity. Some
brands of potassium dlhydrogen*phosphate
(KHoPO,) have large amounts.of impuritfes.
The sensitivity of the test is controlled in  *
part by the purity of the reagents employed.

1 Carbon source - Sodium citrate, reagent,
crystals (Na3C6H507 2H20) 0.29 ¢
dlssolved in 500'ml of-redistilled water.

"

. 2mit_vggen source - Dissolve 0,60 g of

-

ammonium sulfate, reagent, crystals,
(NHy) 2504) in 500 ml of redistilled
water.

3 Salt mixture solution - Dissolve the

following compounds in 500 ml of re-
distilled water,

s

Magnesium sulfate, reagent, crystals
(MgSO - 7H, O) 0.26 g.

Calcmm chloride, reagent, crystals

(CaCl * 2H O) 0. 17 g.

Ferrous sulfate, reagent, crystals *

(FeSO, - H,0)°0.23 g. . ‘

Sodium chloride, reagent, crystals
(NaCl) 2.50 g.

Phosphate buffer solution - Use a 1 to‘
25 dilution of a stock phosphate solution

prepared by dissolving\34.0 gm. of
potassium dihydrogen phosphate
(KHyPO,) in 500 ml of distilled water,
adjusting to pH 7.2 with 1 N NaOH and
diluting'to 1 liter with distilled water.

Toxic control - dissolve 0. 40 grams
CuSO4 * 5H,0 in 100 ml of fedistilled ..

water’. Dilute 1:1000 for 1 mg per liter

Cu before use,
c ra t ¢
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Testing the Suitablity of Distilled Water

-

- )
~
P 4

-

. B Sterilization of Reagents B

Y

. ay

vUukt'mwn djistilled water sample - either

¢ boil for one minute or sterilize by mem-

" " brane filtration. .

. e

w:l?_repare reagents with redistilled water ’
heated to boiling foF 1to 2 minutes.

.- Phosphate buffer solution may be sterilized

by MF filtration or boiling.

Solutiens are useful up to two weeks when
stored at 5°C in sterilized glass stoppered
bottles. . The salts solution must be stored -
in the dark because sunlight results in
copious ferric ion precipitation. A slight
turbidity arising in the first 3 - 5 days
does not detract from the usefulness of
B the reagents.

PROCEDURE

. Collect 150 - 200 ml of water sample in a )
sterile borosilicate glass flask and sterilize. -
Labe] 3 flasks or tubes: A, B, and F.

Add a suspension of Aerobacter aerogenes
(IMViC type --++) of such density thateach
flask will contain 25 - 75 cells per ml, \
Make an initial bacterial count by plating
a 1 ml sample in plate count agar. Incu-
bate tests" A-F at 32° or 35°C for 20 ~ 24
hr. Make plate counts using dilutions of
1, 0.1, 0.01, 0.001 and 0.0001 ml. .

1

PREPARATION OF A BACTERIAL
SUSPENSION )

s

Bacterial Growth

On the day prior to performing the distilled
water suitability test, inoculate a strain of
Aerobacter aerogenes onto a nutrient agar
slant with a slope of approximately 2 - 1/2
inches in length contained in a 125 mm X
16 mm screw cap tube. Streak the entire
agar surface to develop a continuous
growth film and incubate 18 - 24 hrs at
35°C,

o

4 Add water\Samples and redistilled B Harvesting Viable Cells
water to eaci\flask as indicated at the Pipette:1 - 2ml of sterile dilution”water
. bottom of the page. . fron} a-99 mlwater blank onto the 18 - 24
# — T he culture. Emulsify the growth on the
e, - , s . .
. STANDARD TEST " OPTIONAL TEST ,
~e Control  Unknown Toxic Food -Nitrogen ~ Carbon
. Dist, Water Control Available Sourcex Source '
. A B. F C D E .
- = 5 , ) }4’ ) ) .,
Media LT ] I ) ~ ) ) A5
—_— Reagents . d / ’ - (!71 [\ : j-\ f 3
. - © & - 2 . =
Citrate 2.5 2,5 2.5 = X . 2.5 > S _% .
Ammonium sulfate — —— 2.5 2.5 2.5 - X — X 2.5 =
Salt mixture —f : 2.5 2.5 e 2.5 3 2.5 2,5 — 2.5
Phosphate buffer (7. 3¥T1 1.5 1.5 p 1.5 gll 1 1.5 Ls |3
X : 3 - . &
- Water, 1-mg per liter Cu X . 3 .21,0 g X X > X -
Unknown water X e 21.0 ¢ X~ 21.0 21.0 21,0
Redistilled water 7310 e X e X 5.0 2.5 2,5
' TOTAL VOLUME 30.0 30,0 30.0 30.0 30.0 \  30.0 -
. . OPTIONAL TEST
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{1 ml]
e J_\
Ll N T
: 99 99
ml | | ml
[ "
A B

. slant by gently rubbing the bacterial film
with the pipette,’ being careful not to tear
the agar, and pour the contents back into \
the original 99 ml water blank.

C Dilution of Bacterial Suspension

Make a 1 - 100 dilution of the original
bottie-into a second water blank, and a

further 1 - 100 dilution of the second L

bottle into a third water blank, shaking
vigorously after each transfer. Then

pipette 0. 1 n1l of the third dilution

(1:1, 000, 000) into each of the flasks A, o
B, and F (see Standard Methods for
Examination of Dairy Products, 12th ed.).

Thig procedure should result in a final

dilution of the organisms to a range of

25-75 viable cells for each ml of test

solution. hS

ARY

\ "
)

D Verification of Bacterial Density
\
N -~
Jariations among strains of the same .
organism, different organisms, media,
-and durface area of agdr ‘slopes will
possibly necessitate ddjustment of the
dilution procedure to arrive-at a specific
_density range between 25 / 75 viable ceils. .
To establish the growth range numerical.ly =
for a specific organism and meédium, make
a series of plate counts from the third !
dilution to determine the bacterial density.
Then choose the proper volume, from this
third dilution which when diluted by the 30
mlinthei‘laakaA,B and F will :

/ - 147

" Testing the Suitability of Distilled Water

If

contain 25 - 75 yiable cells per ml.
the procedures are standardized as to
surface area of the slant and laboratory
technique, it is possible to reproduce re-
sults on repeated experiments with the
.8ame strain of microorganisms.

——

E ProcéduraL\Difficultiew

I' Chlorine or chlort.mine distilling over
intoreceiver. Digtilled water should be
checked by a suitable quantitagve pro-

. cedure like the starch-iodide titration. « ¢
If chloriné is found, sufficient sodium thio-
sulfate or sodium sulfite must be added.

2 Unknoivn\@teﬁ sample stored in-soft ,
glass containers or‘glass containers
without liners for metal caps.

Contamination of reagents of distilled
‘water with a bacterial background

Incorrept dilution of A. aeroge.nes to
get 25 - 75 cells per md, % .

5 Gross contamination of the sample de-
termined by the initial colony count be-
fore incubation. -

Calcu_latiori: .

* 1 For growth inhibiting substances: - v

;:olony count per-ml Flask B
colony count per ml Flask A .

a Ratio 0.8 to-1,2 (inclpsive) shows
no toxic substancés. :

{f ) \\ - B
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Test%gg(or smmb‘aymof' Distilled Water . )

o , SR

‘b Ratio'less than 0. 8 shows growth’
inhibiting substances in water sample.

—~ .

-

For toxic control

) colony count per ml Flask F Rati
S - colony count per ml Flask A . atlo

" OPTIONA L TEST

*For hitrogen and carbon sources that
promote growth*x* s »

colony count per ml Flask C
colony count per m] Flask A

= Ratjo
*For nitrogen sources that promotg

growth** - .. .

colony count.per ml Flask D

colony count per ml Flask A * Ratio

¥For carbon sources that promoté
bacterial growth**

= Ratio"

colony count per ml Flask E
colony count per ml Flask A’

%

L]

2

G Imerpretation of Results:

“ 1 The colony count from Flask A after

) 20 - 24 hours, at 350C will depend on
the number of drgenisms initially
planted in Flask A and on the strain of
aerogenes used in the test procedure

. ' This is the ‘reason the control Flask’A

environmental conditions, the terminal
count should be reasonably constant *
when the initial plant is the same. «
Thus, it is essential that the initial
colony count on Flasgk A’ and Flask B
should be approximately-equal to secure
accurate data. ‘

<

must be run for each individual sefies - and handling of the'distilled water =~ "
of tests. However, for a given strain J should enabl local laboratory :
of A. aefogenes under identical - personnel to correct the cause of t

A1
2 When the ratio exceeds 1.2, it may be
assumed that growth stimulating sub-
" gtances are present. However, this
' procedure is an extremely senBitive
test and ratios up to 3.0 would have
little significance in actual practice. :
Therefore, Test C, D, and E do not N
~ dppear necessary except in special
a@ircumstances, when the ratio is
“between 1.2 and 3. 0.

- . <

3 Usually Flask C will be very low and

flasks D and E will have a ratig\of less -
than 1.2 'when the ratio of Fla8k B/ .
.Flask A is between 0,8 1.2 The =~ .

limiting factors of growth in Flask A ™\~ .,

are the nitrogen and organic carbon

present., An extremely large amount -

of ammonia nitrogen with no organic

carbon could increase the ratio in

Flask D above 1.2 or the absence of

nitrogen with high carbon concentration
* ' could give ratios above 1,2 in Flask:

E with an A/B ratio between 0.8 and

‘1.2, '

)

[ . ¢ 1

4 * A ratio below 0. 8 indicates the water *°*
contains toxic_substances and this ratio
includes all allowable tolerances. As .
indicated in item 2 (above), the 1.2
ratio could go as high as 3.0 without : .
any undesirable results. o .

5 We are unb.blél to, recommend corrective .
measures in specific cases of defective .
distillation aﬁparatus. f{owever, a

, .careful inspection of the distillation
‘equipment and a review of production

difficulty.

. -
v

. : K H
g0 e o - ) .
*Dp nbt attempt to calculate ratios, 3, 4, or
5 when ratio 1 indicates a toxic reaction,
*#*Ratio in excess of 1,2 indicates available ~ .
source for bacterial growth, .
‘ ‘ of .

/
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. CASE EXAMPLES )

- Test results for various distilled water samples

Testing for Suitability of Distilled Water

4

.

1Y

Any
[}

TEST
COUNT

CONTROL
SOURCE

INTERPRETATION

< 4100 120,000

74, 000 170, Q00

18,000 . 14,000

21, 000 14, 000 1.5

310, 000 60, 000 5.2

N

-850, 000 317, 000

COUNT /\R%;vto

1‘. 3""

Toxic Substance
Toxic Substance
Excellent water
Excellent water

Growth Substance

Gr.owth Substance

¢

REFERENCES

e

1 'Standard Methods for Examination of Water
and Wagtewater. 12th Edition. 1965,
p 578. :

. te

4

2 Geldreich, E, E, and H./F:\Clark. Dis~
tilled Water Suitability for Microbiologi=-
cal Applications. Journal Milk and Food
Technical. ' In Press, 1965, .

3

-

~

This outline was prenared hy E, E Geldraich.
Chief Bacteriologist, Water Suppiy PogrEmsa
Division, WPO, EPA, Cincinnati,” OH 45268.

.
v

Descriptors: Bacteria, Microbiology,
Laboratory, -Water Supply, Distillation,
Water Quality Control :
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: GUIDELINES FOR _
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: \Colony'éounting on MF (MemBrape Filters) -

-

II. UNIT OF . INSTRUCTION:" Summary of Tdpic Presentation
_* III. ESTIMATED TIME: 40.minutes ’ N

-

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Coverage of this subject,-
will give the participant the background knowledge necessary to recognize_\
and enumerate appropriate colonies and obtain counts per 180 milliliters

~.for the selected’membrane. . ' )

V. ENTRY LEVEL BEHAVIOR: ae ' : . ‘ .

‘A. None required.

VI. INSTRU

.

inal Behavior: The participant will be able to distinguish between
teristic and uncharacteristic (or background) colonies for the
Trfdicator bacteria on their particular_ selective medium. He/she will
select: the suitable membrane for counting purposes and obtain the mem-
brane count per 100 milliliters -for recording purposes. )

~ . B -
. B. _Conditions:t Instructional material as covered in Course Training:
anval’. ‘ .

’ C. Acéépted Performance: - In attendane to the lecture material covering’
subject matter. ‘ '

VI INSTRUCTIONAL RESOURCES: R B
: . / -
A. ,Available Media: -

-

1. Training Manual Outline: db]ony‘Counting on Membrance Filters

2. .17 slides of X-33 Series: MF Colony Counting

B.  Suggested Media:

s L\ : 1. None
. VIII. INSTRUCTIONAL APPROACH:
RN A, Préparation for I uction: ' ‘
: b

+. 1. Review visua™#Rd written material and prepare lesson.

2. Sequgnce slides as desired and pJéce‘{b/slide tray.

‘ " B. Sequencing: ' '%é o . N~
;. Use of fraining Méﬁua] Outline information: . d

o

. W.BA.mem.ipw.5.1.79 : , _ ~ < 20-1
Q




.
e

- «2. X-33 Series: MF Colony Count1ng ’ ‘2

. a. Introduction

b. <«Removal of Cu]tuf‘.fromylncubator
’ c. Drying filte : bofore Colony Coonts - - , j
d. Selection o¥4Acceptab1e Membrane Filter Culture for Examination
1) Non-Quantitative Tests -
2) Quantitative Tests

e. Typical ‘Calculations

"a. Use of Grid System in Count1ng (X33 1 to X33- 2) .
.b. Stereoscope and f]uorescent light or1entat1on (X33-3).

c. Co]1form co]on1es us1ng*1ncandescent 11ght (X33-4)

N d. m-ENDO med1um.show1ng extreme background growth (X33-5)

e. ‘TNTC (too -numerous-to, count) m -ENDO plate (X33-6)

f. m-ENDO med1um. Colonies show1ng light reflection without
‘ sheen (X33-7) )

N
: X
|

g. m-ENDO medium. Confluency'and light reflections (X33-8)

-h.  m-ENDO medium. ~ Confluency (X33-9)

i. m-ENDD medium. Sample vo]ume;conoentrafion in portion of

working area. (X33-10) | - :

j. m-ENDO medium. Air-bubbie nnder'membrane (x33-11) &

- A Y

k. m-ENDO medium. . Countable p]ate (m-ENDO) with.good colony
.« distribution (X33 -12) |

1. MFC medium. Soie cénfluency (X33-13)

m. MFC medium. Good distribution. “x" and "y" indicate back-
- ground growth. (X33-14) . o

n. KF Agar{\\8verloaded TNTC p]ate (X33-15)
0. KF Agar. TNTC p]ate with good distribution of colonies (X33-16)

"p. KF Agar.- Countab]e p]ate &1th good distribution of colonies
(x33-17)
i

IX. IPW EQUIPMENT AND SUPPLY.REQUIR{MENTS:‘

N ’ '
151 o

A. Classroom-equipmenpt and supplies:

r

|

’
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1.
2.

‘s

Stide projector and ‘tray -

Blackboard and chalk

IPW REAGENT REQUIREMENTS:

A> None required.
_" DESCRIPTION OF VISUAL MATERIALS:
A.- 17 Slides, X-33:

1.
2.

Slide X33-1:
Slide X33-2:

.‘ Slide X33-3:

9.

.:10‘

11,

12.
13,
. 18.

15

16.

17

Slide X33-4:

" Slide X33-5:

Slide X33-6:
STide X33+7:

Slide X33-8:
£

Slide X33-9:

Slide X33-10:

Slide X33-11:
Slide X33-12:
Slide X33-13:
Slide X33-14:

..Slide X33-15:
Slide X33-16:

. Slide X33-17:

>

Colony Counting on MF
Effective Filtering Area and Colony Counting Pathway

Visually P]ac1ng Colonies w1th1n Various Grids. for
Counting Purposes

Stereoscope and F]uorescent Light Orientation

Appearance of Typical Coliform Colonies Under
Incandescent Light Source

3
m~ENDO medium showing, too-numerous background growt

TNTC m-ENDO plate ‘

m-ENDO plate with examples of Tlight ref]ect1on from
co]on1es without sheen J .

m-ENDO plate showing examples of confluent colonie
and light ref]ect1on

\in - rd

m-ENDO medium show1ng confluént colonies

Samp]e volume concentration in portion of work1ng
area .

~a

Air Bubble under Membrane

Countable Plate (m-ENDO) with Good Colony .Distribution

MFC Medium showing some Colony Conf]uencyﬁ/,/
MFC Medium showing good colony distribution. "x"
"y" indicate background growth.

KF Agar. Overloaded TNTC plate

KF Agar.

TNTC plate with goed distribution of
colonies .

KF Agar.-

Countable plate with good distribution of
colonies - .
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‘ GUIDELINES FOR ’
/ ~ : INSTRUCTIONAL PACKAGE WORKSHEET \
I. SUBJECT MATTER: Selection of Sample Filtration Volumes for' Membrane
. Filter Methods - .
II. UNIT OF INSTRUCTION: Summary of Topic Presentation .- :

I11.  ESTIMATED TYME: 30 minutes - o

v. JUSTIFIQATfON FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will be
waré of ‘the importance and calculation of sample volumes regarding the
use of the membrane filter method. . . '

V. ENTRY LEVEL BEHAVIOR: ' _ : /
!
A. None required. j

VI. INSTRUCTIONAL OBJECTIVE: » - :

-

A. Terminal Behavior: The participant will be aware of the relationship !
of sample volumes to obtaining countable MF plates. He/she yill be o
able to calculate sample volumes when the count/100 ml is known for a
particular bacteriological parameter.

H

B. Conditions: Instructional material as cove}ed in Course Tfaining Manua]

C. Accpeted Perfbrmance: In éttenqance to the lecture material covering

subject matter. .
»

WII. INSTRUCTIONAL RESOURCES:
A. Available Media: - - . |

£
1. Training Manual Qutline:- Selection of Sample Filtration Volumes
. for Membrans Filter Methods.
\ B. Suggested Media: ’

1. None-required.
VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1. Review written material and prepare lesson.

B. Sequencing: : ' .

1. A convenient approach to this subject would be to follow the order.
of presen?ation as per the outline “in the Course‘Training Manual:

Py

a. Introduction . L . .

(Y
-

1) Wide range of filtration volumes
* W.BA.sa.ipW.3.1.79 L 21-1 .
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y
1

A
PO

2) Filter limitations with respect to number of colonies

3 3) Formﬂﬁa'?or proportionality between colony counts and
filtration volumes

b. .Bacterial .Density -
H 1) Minimuh nuﬁber of colonies
2) Maximum number of.colqnies

“ . Cc. Suspended Matter

. . d. Range of Bacferial Densities Covered by Single-Volume
' Filtrations .

e.. App]icatign of a Series of Filtration Volumes
‘ 1) Total” Coliform '
., 2) Fecal Coliform .
'3) Fecal SFreptococcE
f. Selecting FiltrationVolumes for Membrane Filter Tests
1) Total Coliform
2) Fecal Coliform
| —\\ : 3) Fecal Streptdcocci
IX. IPW EQUIPMENT AND'SUPPLY REQUIREMENTS: - L

- . EY

"A. Classroom Equipment and Supplies
1. B[gg&poard and cba1$ S
X. IPW REAGENT REQUIREMENTS:-
- A. None required. - : ' ‘N
XI. DESCRIPTION OF VISUAL MATERIALS:

A. None required. . ‘ - o, ~




SUBQECT‘MATTER;- Advance Preparations for Day Three'Léboratory "

WHEN ACCOMPLISHED: Approximate]y 1 hour prior to Day Three Laboratory

ACCOMPLISHED BY: Staf?
TIME REQUIRED: " 1 Hour

PREPARATION REQUIRED

£ L]

REMARKS

Remove any verification tests

~ from incubator and"place at

proper postion.

Remove 72 hour MPN tests from
incubators .and place each test
rack at the proper position.

Coi]ect sample for MF Testing

Place 6 KF agar plates/position

Have laboratory operational fqr
laboratory studies- -

155 .

o W.BA.mpn.lab.ipw.3.1.79

LS

v

Approximate]y,4 liters, weltl mixed, and
placed in individual sample bottles.
Identical sample site as w&s collected
on Day Two

KF Agar pre-preppred by staff

1. MF Test equipment/supp11es at each
laboratory position - ~

2. Incubators operational

3. ME data sheets distributed

22-1
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: GUIDELINES FOR
- INSTRUCTIONAL PACKAGE WORKSHEET

I. SﬂBJECT MATTER: Laboratory Br1efing—for Day Three .
I1. UNIT OF INSTRUCTION Summary of Topic Presentation
ITT. ESTIMATED TIME: 30 minutes .
IV. JOSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure understanding
. of previous laboratory work and to give a briefing for the work to be -
accomptished during Day Three Laboratory. .
' V. ENTRY LEVEL BEHAVIOR: |

A. Having performed the previous laboratory a551gnments

. VI. INSTRUCTIONAL OBJECTIVE:
IR % Term1na1 Behavior: The part1c1pant will be acquanited with the various
areas of instructional material covered in the training course manual
o and better be able to’utilize them in an open book laboratory situation
which 1mmediate1y follows the briefing session.
B. Conditions®™ Instruct1ona1 material as coveredz1n various parts of
L course training manual and as directed-by verbal instructions.:
C. Accepted Performance: Utilization of ass1gned pages of course tra1n1ng )
~ " manual 1In conjunctlon with notes taken during briefing sessions. -
VII. INSTRUCTIONAL RESOURCES: ' d
"~ A. Available Media: ‘
1. 'Training.Ménuel'ddt]ines:‘ . o . .
Oiitline - Section : .’%Lrgose
- MPN Methods °  “72 hour examination,  Provides correct
e procedural sequence-
Verified MF Tests Verification of - .  “Continuation of -
' Fecal Coliforms verfication procedures
v Detailed Membrane Tests for Fecal - - Provides procedural R
Filter Methods Streptococci Group information= ~ ) .
Colony Counting-on Comp1ete ) Provides particulars
Membrane Filters pn MF colony counting

L

- B. Suggested Media: — L L

- _ 1. None




- - - [

VIII. INSTRUCTIONAL APPROACH: .
—~—

- A

.

A. Preparation for Inst}uction:

1. Review agenda for time sequencindlﬁnd written material for content
and prepare briefing. .

2. Prepare handout (or use blackboard, if'desired) indicating to
trainee the written material to review. An example of. such a
handout’ would be as follows: '

L}

i a Item . @gOut]ine and Pages Standard Methods (14tp Edition)
' MPN Methods Examination of. Water ’ . -
(72 hr procedure) for Coliforms and o 5 .
. Fecal Streptococcus : )
Groups: ¥ v .
3-15; 3-18; 3-20; ‘ 916-917§ 920-921; 922, 943
N 3-21; 3-24 - - ’
MF Methods Detailed Membrane T -
: Filter Methods: )
e S
. , o 11-83 11-9 ©+| 936-937; 944-945
- : 11-11; 11-12 . N
B. Sequencing: - V
e 1. MF Metﬁods (LES Agar techniques and KF Agar tecﬁniques) s
2. MPN Methods (72 hour test procedures)., .
) ¥ 3. MF Colony Counting

/

; 4. Continue y?th MPN test.rack (the 72 hburfexqminatipn'procedures)l “
IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: o

A. Classroom Equipment and Supplies:
- lj.gBlackboard’and chalk. - . . “ | ’ o
2. Demoqftrhtion setup - -
X. IPW REAGENT REQUIRﬁMEN?S:
B » A.  None required..
* XT%' DESCRIPTION OF VISUAL MATERIALS: ~

A. None required.

“ - ’ ) -1 5 8 D . . 22-3 ’
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wDay Three-Lqporatory

MPN TEST PROCEDURE :

14

1.///72'Hpur_Examfnatien-

_ MF_JEST PROCEDURES : Tt

1.

Run a given samp1e for 6 sample

volumes and plate out within the ,
6 LES ENDO agar plates “which were

prepared on Monday and saved. Use

sample volumes which are consistent

with TotalzcoTiform counts observed

during the week as the same sample

- location will be used for this

T at\
- lab,

" MF Verfication

. Count’ and
~total co11fbrm MF p]ates run Tuesday.

'310:-

sample. Do not platé out on the

- ENDO .medium, but, instead, use an

LST saturated pad within’, the cover

of the-disk. Maintain the plate

5 C and) just before leaving the
ransfer to the LES medium and

discar the pad.

cord the results of the

With a given sample p1ate—out 5 fecal
streptococci plates. The plates have
been. preparepared and are KF Agar.

The. samp1e is the same as that which is
used with the LES technique .above.

4

>

Continue verification test.

-~

22-4

(3
-

LST is lactose broth.

w -

l,‘}

Appropriate samples volumes wi1] be
given by instructor. .

k
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o GUIDELINES FOR
JINSTRUCTIONAL PACKAGE WORKSHEET

i\ I. SUBJECT MATTER: Co]]ec;ion, and_Har;dH:ng’ of Bacteriological-Samptes— ——
II. UNIT OF INSTRUCTION: Sufmary of Topic Presentation WQF
II}. ESTIMATED TIME: ‘45 minutes ~
' \‘ fIV;*‘JUSTIFICATION FOR. THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this mater}al
. allows the participant to collect representative and uncontaminated samples

to be handled in a manner allowing sample processing which more.nearly
‘represents the original sample. .

" V. ENTRY LEVEL BEHAVIOR: . B ‘o
) A. None requiired; '
) . / - -
VI. INSTRUCTIONAL OBJECTIVE: o - i

A. Terminal Behavior: The participant will be ‘knowledgeable regarding the
£ . current requirements for collection and hand1ing of bacteriological
samples as stipulated in Standard Methods for the Examination of Water
and Wastewater (Editidn Tawfully accepted in the Federal Register). .t

B. Conditions: Instructional material as covered in course training P
manual and the availabijty of the current edition of Standgrd Method§ . <
for reference. . ’ ’

- ) . - RS
. * C. - Accepted Performance: In attendance to the. lecture materiaT/ covering v o
¢ subject material. ‘ - .. , \ ..
VII. INSTRUCTIONAL RESOURCES: . :
. . .o, v .. . . .' « W, > \
- A Available Média: S e ‘ .- :

. . .+ 1. Training Manua] outTine: Cb]]et;:tion and Handling of Bacter’io]ogica] N
.o~ - Samples ° e ] . .
oo . e ' R R . ‘

o . 2. 'Standard Methods..(Fors~tHe 14th Edition: pp.,879; 884-886,
‘a T, 904—906). . A LT : . o
. o3, 14.S1ide X38 seriesy rn; 0 °, ' .
_"e" . 7B.. Suggested Media - ' o
5 : '.7' ° e e - ;f(. St ! p‘ . R v
. . 1. None . ﬁ' P “ P .. N
PO oA TRy K o ) .
VIIIL. -INSTRUCTIONQ‘E{APP‘RC?AGH:«' R S S oo
! . . v » [1 ": . . - “,. P . - .
o ("“" A. - Prefiaration j;gr Ipstruction ¢t i . .

- . 4~ J ” " + ‘e /
a : . Revigit-Visual and written material and prepare lesson.
M ’ . ‘L . :‘ . . . ]

. ;‘) . - o R ] -

PR .. Sequence s1idés as'desired and place in slide tray. ] '

" r Y f , ’ . L] ll .

) ©.-* .3. Prepare any handout material, if desired, and a[rrange to have an ‘

‘ . e, - ’ T ' ' . ' ) » - N )
w‘ 27 '4' . Y o e .q. ] . . . L 23_1
o ‘BA.sa{.,ipw.4é,1.79‘ , - Y 18’1 . o . ‘
- % ~ %" . ) e ) s . < .

- o L o
i — #
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.

/;dgguate supply prepared
. R 4. Assemble any desired demonstration equipment/materials and ‘ P
. .arrange to\have them availabte for the presentation. - .

Ef_ Sequencing: ] ’ .
BRI C]assroomkpresentation of X338 - - T Y 4
| LY . Comparlson of 12th Edition of Stag%%rd ‘Methods to 1934
; e Min1stry of Hea]th (London, Englan de -1: -
" b. Changes from 12th Ed1t1on to 13th. Edition of Standard -
Methods.- Slide X38-2 e

- .

c. Examples of unacceptabTb samp11ng dev1ces ~ Slides X§8:3
to X38-5. . a, ,\

d. Examples of acceptab]e sampling devices STides XQB-é L .

3

e. Obtaining grab sample Slide X38-12. _

f. Impnbperﬂy‘ij:;:pt1ng“'sample to obtain air sgacé:. Also g

=g "hood" separated” from stopper. Slide X38-13.
: g. Recordifg data on bottle label. Slide X38-14. = }jf. ;
~ IX. IPN EQUIPMENT AND SUPPLY REQUIREMENTS ' ' y -Z":; o
A. ‘tlassroom Equipment and ﬁupplies N . : . E ’
- L S}ide projector and tray\ - G -
. ' Lt ] Co X
2. Blackboard ‘and cha]k S .
" K. IPW.REAGENT REQUIREMENTS:- . = C |
A. None réhuired . o, . T: ) o
ti “ a

XI. DESCRIP ON OF VISUAL MAIERIALS (
AZ 14 s]ides, X- 38 Co]lect1onland Hand1ing of Bacter1o]ogica1 Samples.
: 1. S]1de X38-1 Print1ng. Comparison of 12th Edition of- Standaid.
i ,' 2. Slide X38-2: °Printing: Reservation and storage. Changes from
. “/ﬁ” . i 12th Edition of Standard Méthods to the 13th Edition.. :
© - ..t 3. Slide X38-3: Eh to: Spring loaded device.
. 4. Slide X38-4: Photo: Kemmerrer Sampler. (

‘ : ) J
5. Slide X38-5: Rhoto: Van Dorn Device.

-

e to X38-11. . L e
' ‘ AN

Method .to*1934 Ministry of Health’ (London, England)-’ S



6.

@

7.

§lide'x38-6: Photo: “Lever-type! samp]jﬁg devidE in "¢losed" \
position. : ' )

e mnuc.‘.. —————— PG -

S]ide X38-7: Photo "Lever -type" samp11ng devfce in "open"
position. . .

‘e

Slide X38-8: Drawing: Detail of “Leveﬁ-typéhksamp]ing‘device.

.

%

Slide X38-9: Drawing! Detail of sterile bottle in device. .,

Slide X38-10: Photo: Ster11e bottle in model shop made
holding device. . -

&

. Slide X38-11: Sterile bag sampler.

Slide x38112: Obtaining a grab samp]e.

S1ide-X38-13: Erroneous grab samp]e
technique: "decanting sample" to obta1n air space and separat1ng
hood from s;opper ¢

. Slide X38-14: Recording data on bottle Tabel. .

‘ ¢

-
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I GUIDELINES FOR

o INSTRUCTIONAL PACKAGE WORKSHEET ,
_;l,SUEJECIMMATIERJ;_Jntnoduetion—to‘Sggti§;ibs—and—Geqme%rie—Mejﬁ? :
I1. UNIT OF INSTRUGTION: Summary of Topic Presentation - |

LY

III. .ESTIMATED TIME: 120 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: “A basic knowledge of
statistics is essential in many survey operations, and, certain calcu-

. lations, such as the Geometric, Means, is necessary in bacteriological
report computations. L :

4

V. ENTRY LEVEL BEHAVIOR: | .
> A. None required. ' N
VI. INSTRUCTIONAL OBJECTIVE: i -

A. Terminal Behavior: The participant will be acquainted’ with the basic
_terminology of statistics. He/she will have an understanding of the
measures of central tendency and be able to calculate the_Gedmetric ———
“Means. N N

B. Conditions: Instructiona] material as selected by instructor and \ :
v = may consist of handouts, X-T units (slide tape), and verbal instructions. °

. C. Accéptedqﬁerformance: ‘In attendance to the classroom session cover-
. ing subject material. : . .

. : _ -
_VII. INSTRUCTIONAL RESOURCES: v '
A. Available Media: . =, o .
1. Handout outline: Statistics for Chemists. ‘ -,

LY x

2. X-T Unit (slide tape): Geometric Mean (XT-86)_3 tapes of 35. .
minutes runging time having_ 78 slides, 3 scripts, and a handout. *
. ., This Unit can be requested on Toan for review. '

- B, Suggested Media: . ' N

> o

. . ¢ . 1. None: . 7

" VIII. INSTRUCTIONAL fPPROACH:

)

A. _ Preparati for.Instfhction:, :
. Vi .. . . . °
1. Read written material which includes: ' .,

S . ar Out¥Mine: Statistics for Chemists




2. Decision required: What ‘media will I use?

a. None of the available media - proceed to preﬁare lesson as
- A)desired to meet terminal behavior requirément.

b. Outline only - Prepare required copies and proceed to prepare
e to meet terminal behavior requirement. )

c. Outline plus XT-86 Series - Prepare required outline copies;
Order XT-86 unit from NTOTC; and, after familiarization.

' © prepare lesson as patterned in VIII. B,
B. Sequencing: - _ ‘ .
< . )

1. Distribute copies of handout outline.

» . 2. Utilize handout .sequencing to provide statistital basics.
3. _Distpibute XT-86 handout (single copy is part of unit) to
participants (copies must be made prior to session). -
4. Initiate programming of XT-86 unit as directed.

Note: The following information pertains to the XT-86
- -Geometric Means Unit. See XI for a brief description
of the slides. .

. Abstract: The instructional objective is to teach the procedure

) for the calculation of the geomettic mean of fecal

coliform counts when using logarithms. The viewer

may or may not have used logarithms ,®but should be

- able to.add a series of decimal numbers and divide
. . " the total by some whole number. The procedure is

’ illustrated with examples. - Sample problems are to

‘ be worked by the student after viewifig the program.

. Two checks for gross errors are given. .

A * . . . -
*For: Persons who have-a-secondary-education-or-equivalent,. -~ — ~—— -

S

Notes: Time.of threestapes is '35 minutgk<\with 78 slides, L ‘
£3 scripts and’a handout. : . -

IX. - IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

- A. For each student:
" 1. Copfes of handout material:
o a. Statistics for Cﬁemists\
b. XT-86 haﬁdout

A *If the participants have Jess than a secondary education, use XT-85 . instead Whgh
« is intended for ,ithose W1th baSic arithmetic skills only

e

&

& o qes

<
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‘8. For Classroom: . . T e e
1. Blackboard and chalk
X. IPW REAGENT REQUIREMENTS:

A. None
¢ XI. DESCRIPTION OF VISUAL MATERIALS:

A. XT-86 Geometric Means

Part 1 _ ’
- 3? 1. EPA Symbol (XT-86-I-T) - )
Logo (XT-86-1-2)

Geometric Mean-Part I (XT-86-1-3)
n Coliform Counts (XT-86-I-4{
. Data Set - Two Counts (XT-86-?-5) '
_Data Set - Three Counts (XT-86-1-6) : ,

A
-

Importance of n = 3 (XT-86-1-7)

Aésumpt_ion (XT-86-1-8) t
. * Definition for Geometric Mean (XT-86-1-9)

e (o] ~3 (=)} w S W N

¥

Definition for Finding Geometric Mean (XT-86-1- 10) RS
Finding the Log in 5 Steps (XT- 86-1-11) T | '
How to Find C (XT-86 1-12)

T T T T T 0 " -‘ .

13. F1nd1ng d (XT-86- 1-13) -

-
—t —t
N [
. -

14. - Obtaining € (XT 86-1-14)
15. Ca]cu]ating C*(XT-86-I-15) ‘ ‘ '
16, Write the Incompiete: (XT-86-I-16) L \ ,
’ 18. Locating the Manfissa (XT-86-I-18) ‘ b l | '
19, Examples of M-One Digit (4T- 86-1-19) '

i
/ : . 17. Common Logarithms Using the "Phone Book" (XT-86-1-17), - Y‘
|

20, Examples of M-Two Digits - (XT 86-1-20)

‘s 1. Explaining M Tab‘les (XT-86-1-21)
. " o d

78,

\

: | | . . 24-3
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- ;
22. Another Example (XT-86-1-22)

523§**E§&a1 Example (XT-86-I-23)
24% Summary of Steps’- Steps 1. and 2 (XT-86-1- 24)
25. Step 3 (XT-86-1-25) a' v .
*  26. Steps,4 and 5 (XT-86-1-26)
' 3. End of Part I (XT-86-1-27) .
e 28. Clean Hy0 (XT-86-1-28) '

Part II ‘ . -
‘f\.

1. EPA Symbol (XT-86-1I-1)

2. Geometric Mean (XT-86-I1-2)
3. GM Formula.(XT-86-11-3)
4. Getting Anti-Log in Six. Easy Steps (xf-86-11:4) ‘
5. Three Simple Examples (XT-86-II-5) .
T 6. First Step - Deternine (First ‘Exanple) (XT-86-11-6)
| 7. Second Step - Locate M on Table (XT-86-I1I- 7) Lo
» .8. Step TWo - Table of Comion Logs. (XT-86-11-8) |
. 9. Step Two - M = 11394 (XT-86-11-9) | /
. 10. Step Three - Determine N (XI-86-II-10)
- . 1. Step Four - Find C (XT-86-I1-11) -
12, Step Five - Finding d (XT-86-11-12) .
. 13. Step Six - Locate De;ima] Point (X{§§6-11-13)
e 14. Step Six - Decimal Point Determined (xr-es-f?%;4)

15. Second Example - Steps One and Two (XT-86-11- 15)1
16. Steps Three, Four, Five and Six (XT-86-1I1-16)

17. Third'Exqmp;e - Steps One and Two (XT-86-11-17)
18. Steps Three, FJLr, Five and Six (XT-§6§II-183 '
19. . ‘Same Example, Changed Integer (XT-86-11-19)

20. Another Example with M the Same (XT-86-11+20)

w4 R o187,




21, Sunnmry of Gett1ng Anti-Log (XT 86-11-21)
22. Summary - Steps One ag% Two (XT-86-11-22)
23. Summary - Steps Three and Four (XT-86-1I-23)
24, Summary - Steps Five and Six (XT-86-11-24) ]
¥ 25. End Part I1 (XT-86-11-25) )
26. Clean Water (XT-86-IIT26) ,
Part III - o0
I. EPA Symbol (XT-86-II1-1)
2. Part IM (XT-86-11I-2)
3. Definition (XT-86-II%-3)
4. Reference to Part I (XT-86-111-4)
5. F1nd1ng the Log in Five Steps (XT 86-111-5)
6. Gett1ng the Anti-Log (XT-86-III- 6)
7. First Three Steps (XT-86-I11-7) ‘
8. Last 3 Steps (XT-86-111-8) .
9, Combining.Both Operations for Geometric Mean (XT-86-111-9)
10. Fin the Log Shown in Red (XT-86-111-10)
11. Steps One, Two and Three (XT-86-I1I-11)
12, Steps Four and Five [XT-86-111-12) )
13. Determining the Other Two Lo&%g(XT-SG-III-IB) .
14, Sué of the Three Logs (XT-86-111-14) ' - -
15. Quotient (XT- 86- III 15) ! YT
16. Anti-log of 2.56036 (XT-86- III 16) |
17. Geometric Mean of the Three Numbers (XT-86-111-17)
18. Checks for Gross Errors (XI 86-111- 18)
. .‘195 Flrst Cﬁeck (XT 86-FI1= 19)
20, Second Check (XT-86-I11- 20)
”*Q§Qﬂ. . . ' B j .
g 7 - 168 .
A \ :
™ )

24-5
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1.

"Check" Results (XT-86-111-21) - — S I

22, End of Part III (XT-86-111-22) - .

23.

Credit Slide (XT-86-111-23)

24, Clean Water (XT-86-111-24)
. / . . ¢
‘ - ¢
6 14
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- HANDOU'L NO, 1

i - , - QUTLINE OF B\ASIL STATISTICS |

) STATISTICS FOR CHEMISTS ' !
. ¢
* . ,4
I INTRODUCTION ] 2 Frequency table - a tabular arfahge- !
1. ’ - ment of data, ranked in ascending or
J A Statistics' may be defined, for our purpose, degeending order of magnitude, )
. as a collection of _methods, which have been together with the corresponding
Y developed for handling numerical data ° frequencies
2 pertaining to samples or portions of entirc et
populations,: . ° . . 3 Frequency histogram - a b(,t of
rcctanglcs having bascs on a Rorizontal
B The statistical methods with which we will axis with centers at the given scores
concern ourselves deal with the presentation and heights equal to the corresponding
and analysis of numerical data from samples. frequenojxgs (See Fxgurc 1) .
‘ 4, Frequéncy polygon - a line graph of
g . I FREQUENCY - ) frequencies plotted against scores +
. - (can be obtained by connecting mird-
A Definitions .t points of tops of rectangles in the
.. . frequency histogram) (Sce Figure 1) »

1 Frequency - indicates how many times
a particular scorc occurs in a collection

N of data . ‘ '
: Al ’:{-nﬁ-\“ “t‘
]
»%
A - ..
. - - 4 Ic‘igun(- 1
3 - . : .
. Frequency Histogram & I‘requency Polygon
-\

N .
: 4 - e
' /N ' "\
> / BN ‘
g 3 - . A \.\ <.(
$ / \ RS
‘ ’ g s /, \5.
. ,x..h 2 - > < ]
: : A7 . N
| - z . \\
/ o \ ."’.
NG .
s
. . L] | | | ] L
28 [¢13] 100 1or . 102
< - Chloride yg/l
— b
- ' ’
0 ‘ ‘ [y [4
. 24-7
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Statistics For Chemists

9
2

{
!

-B

e

Application

Consider the application of the above
definitions to the following get of data,
obtained from twelve determinations for
chloride in water.

Results (ug/l)
100 101 99

101 100 100
99 . 102 100
*98 101 102

Table 1
. Frequéncy Table

Chloride (ug/l) ' Frequency

111

98 1
99 2
100 V 4
101 ' 3
102 2

.

MEASURES OF CENTRAL TENDENCY

4

A. Definitions. . . . T ..

| Central tendency - the tendency of
values to cluster about a particular
value in the distribution -

Mode - that value which occurs most
frequently -

v
o

3 Median - midpoint of an array of
scores, If there i8 an'odd number of
observations, n, the median is

Xn+1  where %n +1 represents

n+1
2

distribution. 1¢ there is an even

the valuein the frequency

24-8

» SR

number of observations the mediag is:

Xn* Xn +1 : ?
-2 > 2 , the average of the =

middle two scores.

4 Mean - a‘x,'ithmetic average of all the
values in the sample distribution, de-
noted by X. The formula for cakcula--
ting the sample mean is

§=£1+X2+x'{. B .xn

-~

- X
X = —r%cl where there are n number
of values. '

) s 3
B Aids in calculation of the mean s

Applicatijon of the following two statements
can reduce errors and amount of time
spent in calculating the mean of a
distribution. -

1 Adding Jdr subtracting a constant to or
from each score in a distribution ig
equivalent to adding or subtracting the
same constant to or. from the mean of
the distribution. Thus-the following -
formula: A

3 "ic‘ =X+ C__ where the Xi's are the

values inthe distribution with mean X,
and the X; + C's are the values in the
distribution with mean X, .

2 Multiplying or dividing each score in
a distribution by a constant is equivalent
to multiplying or dividing the mean of
the distribution by the same constant.
Thus the following formulas:

- — L
(WX, =CX .
3
or .
= X
(2) X, = S where the X,'s are the _

values in the distribution with mean 7(,

“o

i ~

-



Statistics for Chemists

e —

and the CX;'s or the %1- 's are the - Denote the mean of the distribution in
. : Table 1by X . If we add 100 to euch
)xialues in the distribution with mean ~ score in the distribution in Table 2, we
¢ obtain the scores in the distribution in
. Tabl 4; likewise if we add 100 to the
C Application i meany X, of the distribution in Table 2,
. we obtain the mean, Xc‘ of the distri-
Consider the application of the above bution in Table 1,
definitions to the previously mentioned -
set of data, obtained from twelve deter- Thus X =X + 100
minations for chloride in water, shown . ¢
in Table 1.

-

X =X & 100
. C n
1 Mode = 100 e )
"z 1(-2) + 2(-1) + 4(0) + 3(1) + 2(2)

c 12

+ 100
2 Median =

_ic = .25+ 100= 100.25

. 100 +100 _ 100
2

* b5 _ - .
3 Mean =~—r;& IV. MEASURES OF DISPERSION

= 98 + 2 (99) +4 (100) + 3 (101) + 2 (102) A Definitions
12

/ 1 Dispersion - spread or variability of

= 100, 25
observations in a distributiogﬁ

4 Ai ati : :
Aid in Calculdtion & Range -~ the difference between the

Consultifig Table 1 and observing that ) * highest value and the lowest value
the values are in the neighborhood of .

160 we might subtract 100 from each - ‘R = max) min _

score and obtain the following distribution:

Average deviation - the sum of the

. ] deviations of the values from their

. ) mean, without regard to sign, divided
Table 2 by the totak number of data values (n)

I

Fr'e.quency Table

T};e formula for calculating the average
Chloride (ug/1) Frequency ) deviation is: .
v
- 2 1 - X -
: a= EIX -XI
-1 :

~ n -
\f“
0

1
2

e




Statistics forr Chemists
v

4

5

6

Y

Average deviation of the mean (D) -
the average deviation of individual
data items from the mean (d) divided
by the square root. of the number of
data items (n)

The definition of the average deviation
of the mean can be expressed by the
formula:

AL

’,

-

‘Variance - the sum of the squares of

the deviations of the values from their
mean divided by the total number of

data values (n) minus 1

The demn of the variance can be
expressed by the following formula:

Ex; - )2 .
n -1

Standard ceviation - the square root
of the variance

The defmitxon of the staxrdard deviation

_can be cxpressed by the fonowing
“ formula:

— 2
)

7

.,

-

The definition of the standard
deviation of the mean can be
expressed by the formula:,,

S.

S = —= <L
"y N
» . t
8 Relative standard deviation - the
standard.deviation (s) expressed as
a fraction of the mean, S S

-
-

X

The relative standard deviation is
often expressed as a percent. It is
then referred to as the coefficient
of variation (V): .
vV s 13- X 100 = %

X 0
The relative standard deviatidn is
partxcularly helpful when comparing
the precision of a number of deter-
minations on a given substance at
different levels of concentration,

B Aids in Calculation

Application of the following statements
can reduce errors and amount of time
spent in calculating the variance or
standard dgviat}on of a distribt'ition.

1 Adding or subtracting a constant to or
from each score in a distribution

1 —

However, the formula commonly used
because of its adaptability to the hand
calculator is the following:

where there are

13
Stafidard deviation of the mean (S) - the
standard de-viation of individual data
items (s) divided by the squarc root of
the nun of data™tems (n) -

.

n number of values.

“doesn't affect the variance or Standar a~

deviation of the distribution, J
Thus the following formulas: _'

(1) 8 “=g8g T .

where the Xlis are the values h} ’

- the distribution with variance &
X;+ C'sare the values in the
distribution with variance s 2
and standard"deviation 8¢

and standard deviation 8, and the

.
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- " Statistics for Chemists
-~ .. » ) . -
R ’. . ’ e ‘
- ‘ 2 Multiplying or*dividing each score in 2 Average deviation- d = 'i‘r:‘:_x_'
‘ a distribution by-a constant is equivalerit - - | .
- to multiplying or dividing the variance ' ' =) .z
of that distribution by the square of the n X, 1x-Xl oy X .
K " same tonstant, 1 98 - 2.25 "-“ 2. 25 )
Thus the following formulas: 2 v 99 .25 . 2.50
: . 4 100 , 25 71 100
- (). s 2=c2g? ' ) s t . y)
c 9 . 3 -, 101 ST s a0 .
(2) séz = :::_5 . ) 2 102 °© 1,75 ‘3,50 '
4 _ N ——
. ' ’ X =100.25 . 1Ls0 A
* where the X;'s are the values in . B A ) .
_ the dxstribution with variance g2 . 4 =Z1Xi-XI _ 11,50 :' 906 . -
r and the CX;'s or the Kiisare m.ocre 120 .
the values in the distrthution with - . - . .
variance 5. 2. 3- AVegrage gleviatxon of the mean -
~ 4 . * d B ) >
3 Multiplying or dividing each score in a b = J:
distribution by a constant is equivalent n -
to multiplying or dividing the standard vm} . ‘ )
deviation of that distribution by the _ g calculations frof number 2, S
same c‘onstant B 7 Dad s 0.96°= 0,96 . 0 268
Thus the following formulas; ™ Jyn 412 3.46
- (1) s =Cs’ . -
’ . or, [] . i o 2 X
.o . :
(2) S, = %) ] . T g Varxance - g2 E’-(—iéTx—)— g
- . where the Xi's are the valueg in ‘ n Xi  Xi-X (Xi- X)2 n(Xi- X)2
- the distribution with stfndard 08 .
) ) g _deviation s, and the CX;Forthe - ! 7225 5,06 .06 .
4 X 2 99. -1.%5 1,56 3.12 .
1 'sare the values in the
C 4 100 - .25 . 06 .24
distribitio ith standard .
dexiatiz'n sn Wi R 3 100 +.75 .56 1.68 '
. 2 102 +1.75 3.06 _ .12
- C Applice.tmn :
. 16. 22 ]
Consider the application of the above 2 _IZ(Xi- X)2 . 16,22 _ 1. 47
definitions to the previously mentioned ~ e I ¥
) set of data, obtained from twelve te
determinations for chloride in water,
shown in II B, Table 1. ~ v
1 Range = 102 -98 = 4 . s :

v aadt

—_—
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9604
19602
40Q00 .

. 30603
, 20808
120617

L

12082 - .
120617 - =15~ _» /20617 - 120601
5y,
D [+] .

6+ Aid in calculation

Recalling that adding or sybtracting a
constarit to ‘each score in the distri-
- bution doésn't affect the variance or
the standard déviation of.the distribu-~
tion we can’ simplify'the computations
by first subtracting 100 from.each
Acore in the distributior thus obtain-
ing the frequency distribution shown’
in Table 2, .

. . *a

Xi-C nX4-C: (%;-C)2  n(x;-C)2
-3 -2
-1 -2

Freque;;cy

_v:L =

sNni=1

Standard deviation of the mean -

s S o=

Y

4

Using calculations from number 6,
S zl
v n

Relative ‘g’tandard deviation expressed
aB a percent (coefficient of variation)

V== X100

X

Using calculations from number 6 for '
8 = 1,22 and from number 2 for

X =100, 25,

1.22
m X 100 = 1,219

X

Figure 2
Normal Dlstribution Curve

Quantity Measured -




7' = Statisti¢s for Chemists ™

N

* INTRODUCTION TO NORMAL * As shown in Figure3, the frequency polygon
DISTRIBUTION CURVE +for the 12 determinations for chloride in

water is a fairly good approximation, of the

Statistics deals with theoretical curves - " normal curve. I, however,* in the chloride .
which are smoother than frequency determirfations we had obtainéd 103 instead
polygons, obtained from experiments in of 98 and 104 instead of 99 this distribution
real life. However, frequency distribu- . . would not have been a good approximation of
tions or frequency polygons of experimental the normal curve, as is shown in Figure 4,
data often approximate a mathematical

function called the "normal" distribution
curve. (See Figure 2)

Frequency

F§gure 3,

Comparison of Normal Curve and Frequency Polygon

v.
100 101
Ty

, Chlonide jg/1 =

. .
Figure 4 »

-

- —Compurigon of Normal Curve and Frequency Polygon

+

100 . 101 * 102 103

e

Chloride ug/l“

176
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B If freqtfency distribution is a good . . Figure 5 shows the normai distr!b\itioxy
approximation of thé normal curve, we in te;‘ms of the population mean u, and
can use-some facts about the ‘normal f +  the'standard deviation of the population
curve to give us information about the b g, and gives the" percent of area under

, frequency distribution, P o the curve between certain points,

N -4 /
. Figure 5 °
xo ' ' C . Normal Distribution Curve .

» - " . 3
. # 30 HB-20 u-lg " w+ld  p 420 u+30
= ) : < - /\ “
~ . . b )
5 . ) ¢ ‘
o' ‘ ‘:ﬁ‘ Y . s - N
_‘: ’ ’ -* Figure 6 .. -
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-~ . : ’ Statistics for Chemists =~ .,
. - [ . . . he ol
. , B ~ . i ~,t
We may check the distribution of sample It would be gooa to become as familiar as
data to see if it is a "normal" distribution possible with the normal distribution since
in the following manner, Substitute the an underlying normal distribution ig .
. value of the_sample mean (X) for the value assumedfor many statistical tests of 5
) of.the midline and substitute the value of hypotpesis. *
o the"gample gtandard deviation (s) for the ) )
- % lmits of the value spans where we might * . - D
" expect certain percentages of the'data REFERENCES ,
y items to occur. Then we can check the \ ¢ e
. num§er of data items which actually do Bennett, C.A. and Frahklin, N.L, . \
. ocqur within thése value spans, , . Statifitical Analysis in Chemistry-and
: the Chemical Industry, John Wiley
Figure 6 demonstrates this application R *&’Sons, Inc,, New York. 1954, -
using the chloride data values from Table 1. ® i
. " - The-data values are marked on the hori- « 2 Crow, E,L;, Davis, F.A,, and Maxfield,
e " . " zontal line and the frequency of the M.W, Statistics Manual, Dover
" occurrence of each value is marked on the Publications, Inc., New York. 1960,
» vertical, The midline of the distribution B
is marked at the value of the sample mean 3 Dixon, W.J. and Massey, F.J.
(X =100, See Il C 3). The value of the : Igtroduction to Statistical Analysis.
sample ndar¥ deviation (s = 1,21, See ‘McGraw-Hilt Book Co., Inc,, New X
IV C 5) i8 used to mark value greas under York. 1957, <
the curve\ where different percentages of ) - : v e
" data valuds will probably oécur, Thus, 4 Ostle, B, Statistics in Research, The -
for the arga X +1s, X - 13 = 98,79 and Iowa te University Press, Iowa. &f\
X +1 8=]01.21, Therefore,, according, - g ° N
to the normal distribution cur@ shown in .
Figure 5, we might expect about 68% of the * 5 Youdon, W, J\ Statistical Methods for L2
data.items {o have values between 99 and =~ Chemists, * John Wiley & Sons, Inc., =y
- 101, (The values are rounded to whole ) New York, 1951, ) e
. " mumbers sinte the data values are thus . ) " ’ .
recorded). . . , - T -
- Consulting Table 1, we find that 75% or’9 , . '
.o pof the 12 data litems have values in this - . .
, range., This percentage is shown in : .. 0N
{ ‘ Figure 6 by th{‘frequency polygon for the . ’
_— . - data shown earlier in Figure 3,
* V
¢ Likewise assum&g a normal distribution, ' -
* we would expecti95% of the observaﬁage . . ' .
to lie within +2gYs from the populatio ‘ ’ .
mean. In fact, 180% of the observations f 7 .
) . - were within + 2 8'8 from the sample mean. : e
.. In both cases the observed percentages are This outline was prepared by L. A. Lederer, .
’ reasonably close to| the expected percentages. WfStatistician, formerly with Analytical
" Other tests, exist for‘determining whether Reference Service, Training Program,
. . ornota frequency distribution might .. NCUIH, SEC. Revised by Audrey E

reasonably be assun_{ed to approximate Dopahue, CHemist, National Trainin
the normal distribution, . * Office of Water Programs, .gpA,’
e v T * : . Cincinnati: QH 45268, . -
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* - SUBJECT MATTER: Advance.Prebarations for Day Four Laboratory
WHEN ACCOMPLISHED: "Approximately 1 hour prior to Day Four Laboratory
ACCOMPLISHED BY: Staff %
TIME REQUIRED: .1 Hour )

Ed

y .
PREPARATION REQUIRED
- : - , ’ . .
Remove any remaining MPN tests 0 ' . \\ '
(96 hour) from the incubators ‘ ‘ “ ’
-"and place at proper positions.

Y

Remove any‘remaining verification . = , AN
.' tests from incubator and place. at - R : =\ P
| proper positions - ° . : — < Gaf, - ., T\ T e
T Gollect sawgg]e for MF testing . S : Approximately 4 Titers well mixed, diluted

with sterile distilled water, and placed in"

individual sample bottles) Select sample

) ) which has-a.known coliform\and fecal coliform’

. . o P count and dilute to give a kew count/100 mi
o : . which is furnished to class ¥or calculating

' . . the CDV. new source sample\ could also have

T \ T ° __ . ‘been selected which requires preparation.
» . '-Have laboratory operational = A S1 MF tést equipment -and  supplies at each
{ for la : ' NaE—-e— " Taboratory position ? .
\ . X o o : s : " 2. Incubators operational
. * v \ N s - . -
' N &
. n
5179 \,-‘/
Lo \ o 5-1
Yo W.BA.mpn.lab.ipw.4.1.79 .
ERIC - e .




GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. "SUBJECT ATTER: Laboratory 8riefing for Day Four
'II..'UNIT OF INS UCTION& Summary of Topic Preséntation
111. 'ESTIMATED TIME: 45 minutes o

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure Jhderstanding ;
of preyious laboratory work and to give a briefing for the work to be "
accoﬁg‘ished during Day Four-Laboratory. - « S

. [ ..

V. ENTRY LEVEL BEHAVIOR: e o -

A. Having perforned the previqus laboratory.procedures .

£

VI. INSTRUCTIONAL OBJECTIVE:

[
. —

A. Terminal Behavior: The participant will be acquainted with the various
areas of instructional material covered in the training course- manual
and better be able to utilize them in an open book laboratory situation
which immediately folTows the briefing .session. .

B. Conditiohs: Instructional material ‘as covered in various parts bf
course training manual and as directed' by verbal instructions.

C. Accepted Performance: Uti]izationvdf assigned'pagés of course_training A,//
manual in conjunction with notes taken during briefing sessions. ’

+

VII. INSTRUCTIONAL RESOURCES: '

«

A. Available Media: -
. . 1. Training Mariual Outlines: . \
Outline o Section 2 Purpose ” -
MPN Methods - - 96 hog[_eXamination © Provides correct procedura],:.\ \\
= o * _‘sequence \
- Verified MF Tests Verification of ' Continuation of Verification {
- fecal coliforms procedurEs .
v . . . ‘ .
Detailed Membkane", Tests for fecal Provides procedural informatiop
Filter-Methods - coliforms - :
. Colony Counting on - Complete Provides particulars on MF -
’ ’ gfmbrane Filters . colony counting .
- . ~B. Suggested Media: ‘ ' .
ot 1. " None C18; - - T
. N ? ) [ h"
-~ . - QU 6 .




VIII.

XI.

" B. Sequencing: _ .
, it MF Methods (Preparat1on of MFC broth and the 1ncubat1oﬁ of com-}

IX.

X,

L)

1 -

INSTRUCTIONAL APPROACH:

, A Preparation for Instruction

1. Review agenda for t1me ‘'sequencing and written mater1a1 for content
and prepare- briefing.

-

4 /

2. Prepare handout (or use b]ackboard if desired) ind1cating to -
,trainee the written material to review An example of such a

handout would be as follows: .
Item . < Dutline and Pages . Standard Methods (14th Edition)
MPN Methods Examination of Witer -

(96 hour procedures) for Coliforms and
FecaT Streptococcus
- Groups:. v
.o " 3-15; 3-18; 3-19; 916- 917; 920-921;
" 3-21; 3-24 X N 922; 943
_MF Methods ~  Detailed Membrane ' X !
. Filter Methods:.

.~
)

11-10; 11-11 : 937-939

4

- -

Fleted plates)

é. MPN Methods (96. hour 'test. procedures - continue demonstration . s
Y With the MPN test rack) ) -
3. MF Sample Vo]umes (Review the calculation of the CDV [Centra1 .
Dilut1on Volumel when the count/100 ml 1s known)
IPN EQUIPMENT AND SUPPLY REQUIREMENTS : - t
. A. C]assroom’Equ1pment and Supp]ies: "'1 ‘ o ) \\Q
.« . 1..Blackboard and chalk. = - - . -
2. Demenstration setup
IPW REAGENT REQUIREMENTS x . - o S
A. None requ1red N o . | ' * ’i .
DESCRIPTIQN OF VISUAL MATERIALS "
A. None required. 7 - ) - g X
1y »
’ - | 182' y 25-3
- AN - ’ ,

-
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- . . - Vs \\ r .
= C e \ _ 25-4
' ¥

MPN TEST PROCEDURE : . ° \‘L ~ Day Four Laboratory '\ : )
1. Complete MPN test procedure if any
remains . - —

&

e e g~ e e

i

. <
)
4 \K

MF_TEST PROCEDURE ; -- R

* If any remaining EC tubes are to be
read and recorded this#would conclude
the Fecal Coliform Verification Test

Incubate at the proper temperatures.

183 t

v

1. Continue Verification Test procedure. ' - . ',

@

- - : : \'
2. Read and Record the coliform test . - . ’ )
. results of using the enrichment test g i / g
procedure (LES Agar). . ’ . \ o ‘
3. Prepare 5 m-ENDO broth plates from the, - i _' . SR
_ broth which was prepared on Monday and”. ' - . ) _ e
n = - - saved in the refrigerator.” Discard the - . - \ ,,4 e, Lo
A © ‘ remining broth. ) : .- “ ' = e’
i . 4. Prepare 30ml of.MFC broth and from this N ... Rosolic acfd“-rezprepared bY'staf%—fof
G . prepare 6 plates. ' M class use. Plastic bags-available for
< . o : ' ' ) . under-water {mmersion
_— 5. Given information regarding the TC and FC : PR -
-, counts/100m] of a ‘sample, calculate the . - ) et - ‘ )
: : sample volumes to run. Use the following.- Tt : = 5
. dilution volumes for the reSpectiye plates;. ~ ~. ST \
. . N . . . {'__ v . . .._ - o .
A ' o TOTAL COLIFoRMS™ © - CDV refers to Central jilutign-Volume
» A A . : e : which is-the calculated\ volume
/ \ - 1000V SCOV | COV . 1/SCOV 171000V - a |
- - N ' . FECAL COLIFORMS o : ' ', N e
.. . o T . : . o
SR .. 160V 8OV COV  1/8CDV  1/16CDV
: " . S : . 194,
i'6.' Run the sample and plate on the prepared pJatg;. . g 18%

..




I. - SUBJECT

4

GUIDELINES FOR
INSTRUCTIONAL PACKAGE NORKSHEET

MA?TER. Post- Course Qu1z

II. UNIT OF.INSfRUCTION. Summary of Topic Presentation ",/
1. ESTIMATED TIME: 75 minutes 60 minutes Quizi 15 minutes.review)
Iv. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: May be a requirenent

for course complietion.

k!
V< —ENTRY LEVEL BEHAVIOR: /

A. - Attended 95% of course.

INSTRUCTIONAL OBJECTIVE‘ ’

P

- A..” Terminal Behavior: Receive a critique of the test after col]ection

of same to be aware of correct responses.

B. Conditjons: He/she W111 be given the test and 60 minutes

C. Accpeted Performance: Obtain at Teast a 70% test score.

INSTRUCI}ONAL RESOURCES = *

" A. Available Media: - - \\\\
1

. None required.

B..: Suggested Media:'

. L.

..None’

B

VI, 'INSfRUCTIONAL APPROACH:

A Breparation for Instruct1on

‘%
1.
2.

-

AT(120.3).8.1.79
Q

Duplicate quiz for number of participants.

Prepare overheads of the quiz with answers.

Distriibute quiz to participants.
Allo '60-minutes for completipn.

. ‘eollect quiz - check for name entry as they are collected

Critique quiz by the T reconnended procedure of use of o?erhead
projection. . .

-~




K4

»

-

°

A. For each partip%paﬁt:
- 1. Quiz. '

L4

B. For instructor:

a1, .Overhead projection of quiz. -

X. IPW REAGENT REQUIREMENTS:

A. None-

XI.- DESCRIPTION OF VISUAL MATERIALS:

B jiA, See attachedfekamp1g Bacteriological. Course Quiz.

v .
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.
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IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

.




SN ) . Name o
BACTERIOLOGICAL METHODS IN WATER QUALITY
y CONTROL PROGRAMS -(120.4) )
. L ) - (Date)
ST (P]ace)a
INDICATE IF THE FOLLONING ARE TRUE (T) OR FALSE (F) ' . o
“1. Co]1form bacter1a ferment lactose with the production of gas....I ............... :
2. Fecal co]1form bacter1a2§re effectively separated from the .
tota] co]iforms by the use of the chemica] TTC....... Teetsesecrrentencraa WA
‘3., “The -elevated temperature fest (44.5 €) is useful primarily ' 2
. tg separate the coliforms from ‘the fecal streptococc1 ..................... Ceeeee .
‘4, ‘EC med1um is pr1mar1]y used "for pathogen1c testing............. ‘.; ............ ves
- I * N
5. Fecal coliforms will a]so show a go]den meta1]1c sheen .
characteristic on the m~ENDO medium. ', e it ii ittt devens St
~— 6, ~Membrane filters are so effective'asffTTfers that “they have T I
"——*‘—a1ways'proven to be an acceptable bacterio]oQica] method.,...s....... Cevieneen . :
7. Membrane filters have proven to be so tough and durable- that .
unlimited sterilization practices can be used........... ceeraans S P
. \ : .
* 8. The addition of sod1um azide to m-ENDO medium has allpwed this . N ¢ S ~\
medTum to effectively d1fferent1ate cqliforms from background
.growth............0 R P nteeseteaieiaaaiaes —
9. MPN tubed. dia can be stored indefinitely.if it is placed T \)_
in the dar under refrigerated conditions........................ Yeedereen eee L
s o - . . ‘ ‘. .
10. Feca1 coliform co]on1es on MFC medium show a go]den o .,
. metallic-1ike sheen character1st1c.,...: ......... R A reeseseeiaaes
. . . \—o— , .
11. The countab]e plate range for the KF agar p]ate 1s LN . - _
- from 20 to 80 COTONTES . tvvvervieeinnnmenrennrenasionsocanes Joososonaannnsraces g,
L 4 * ) - / N l |
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Select the best answer.frdm the-mu]tip]e choices listed: CIRCLE THE ANSWER . . I
12. The countable plate range for the FECAL‘COLIFORMS on the MFC plate ts:
. ™ a. 20-80 | y
b. not more than 200 of a1l types ) " T )
c. 2060 P ’ - -
d. 20-100° B . K h ’, .
o . — : -

13. The prima z—reason For add1qg alcbhol (ethanol) in m-ENDO is:

a. to keep the co]1forms w1th1n the countable plate range -

h. a]low a]l—colon1es to deve]op good sheen character1st1cs ?,
c. proh1b1t pathogens and fecal streptococci from developing ’ )
- d. keep down background growth on th MF S
© "‘; 4 s T - T -
-14. Which of the fo]loﬂ1ng descriptions is true of the Fecal Co]wform medium by
the MF methog? - . / ‘ .
a. dse is made of ethanol in preparat\on the temperature is e]evated
red- hues are typical. \
b. rosoT1c acid ds utilized; TTC is needed in preparat1on, body temperature
¢ s requyred. . . . i
- c.’ 1ncubat10n under water is’ requ1red a temperature of 44.5 C is manditory.;
countable, colon1es have b]ue colorations.
o ¢ ed. sod1um su]f1te is in the dormu]a, lactose is necessary in the formu1at1on,v
3 Tt a-3% t temperature of 1ncubatlon is’ necessary xf/
}:" v o e .
. ' F
15 - w1th regard to the CONF IRMED TEST by the MPN procedure
I ’
a. EMB or BGLB may -be used; a temperature of 35 C is. necessary; loop or v
inoculation stick transfer may be used;’ onf1rmatory tubed med1um is L ’
held for 48 hours, jf necessary. _ R
b * N »
[ E «
\ . b, m-ENDD medium is necessary; gram staining is requited; elevated,temperatures A
L are necessary, sheen co]on1es are counted . . ' Ce , T
c. all. tubes of the presumpt1ve“test a tran;fenred to th1s test; EC med1um . g
is the med1um of tho1eq¢ IMV1C testing nay be rq9u1red onTy posit1ve gas .
formers are cbunted QS A ‘ .
o . . ’ ' ~ ?*
d. KF medium 1s necessary, 35 Cis the temperature; broth or agar may ‘be used;
" 28, hours ws the . 1ncubat1on time. . .




) ) ;
From the given WORD LIST, select the choice which matches the statement on the left.
No?@ the correct response is given for the first statement. :

v
g
%

WORD LIST

16. Gram Staining‘Reagent.......... . Crystal Violet dye

. Gram Postive organism

*

.~ BGLB medium .

-disease 0rganisms:s............
‘ - N~ .- EC medium

. Escherichia coli

i18. The medium most generally
used for the confirmed test . Pathogen

. Cryogen

A

. . B
7. . A genefal term denoting C._Gram Negative organism

) D

I

E

F

G

“ by the MPNL.........ceul,.. H

- : , ~ . Saphrophyte "

19. A Coliform bacteria..i......... . J. Salmonella -

. " K. MFC medium N

20. A fecal coliform MPN medium.... L. LES m-ENDQ Medium
M. KF Agar medium
N
0

Y
21, The staining reaction for . . N. Rosolic Acid dye
a coliform bacteria........... - . . " Cryptococcus

22.  The "MF medium for Fecal - :
coliforms..........ooouvivnenny -

&




. . _
. BACTERIOLOGICAL METHODS IN WATER QUALITY '
N : £ CONTRQL PROGRAMS (120 §) .

: . (Date) : o
. . (P]hce) ‘

Ad L4

INDICATE IF THE §0LLONING ARE TRUE (T) OR FALSE\(F): on” 7,

1. Co]iform bacteria ferment lactose with the production of gas ........ .
2. Fecal coliform bacteria are effectively separated from the . ,b )
total coliforms by the use of the chemical TTC.... ............ Caeeeeeneaness

3. The e]evated temperature test (445 C) is usefui primari]y . 4
to separate the coliforms from the fecal streptochci e ORI

L

. "4. EC medium is primarﬂy used for pathogemc testing..l ...... O P eeeeeeneens
$ : ‘

¥

5. Fecal coliforms wil] also show a golden meta]hc sheen s, ’
. characteristic on the m-ENDO medium...........vceuuuennn.. Neeees S

6." Membrané fi]ters are 'so effective as fiTters that they have * . . - _
za]ways proven to be an acceptab]@ bacterip]ogical method. ...‘.é’.‘..;.)...a....._...:..

7% Membrane. filters have sproven’ o be 56 tough and durablé that - *. - T
un]imitea sterilization practices. can be used....m ........ SN

‘8. The'addition of sodium azide td m-ENDO' Jedium has a]]owed this _ s "l
~- mediumto éffectively differentia'te 011 f8ms fr‘om backgroundg R ’
,.o ° growth-..-_-:;.z ................ ’q.) Y o4 00.0 .......... Qooo.o003‘.&oo’ouiooolc_oto-o'ooi

9.‘ MPN tubed -media can be ~stor'ed indei’inite]y if it is p%aced ERAE S
in the dark under refrigerated conditions NS S Pesesaanas H
&

0P o 4

4
L4
&7
P,
[
4
3

lb‘ «Eec-a-'l cohfom cglon'ies on MFC mediwii s"how a golden .. ’ .

" metai]ic-]ike sheeri c'haracteristic., R ,.......t....:,".J..., ...... Seenoenasd

T " ‘e, . @ . . . ‘

0 '11. The cbu,ntab pi‘éte range £or the'KF/"agar p;late i\s y ST e unE
R frﬁpzoto g_o.mnes ........ INPED SO SO A

Y . o
o o - . -, R - t
- - . - » . .
. . - .
- . b . . IS s ’ &
s -
N A}

e

o
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Select the best”ahswer from the multiple choices 1isted: CIRCLE THE ANSWER

% / - .

12. * The countable plate range for the FECAL COLIFORMS on the MFC plate is:
a. 2080 -

3

not .more ?:han 200 of all types:

. b, e .
@ 20-60 . - . e T
‘ dl 20-100 L | : SRR

— s

13. ’The‘ primary reason for adding alcohol .(ethanol) in m-ENDO is:-

a. to keep _t“he coh‘fomps within the countable p]ate_range° s T
b a]llow all colonies to develop good sr;een char'qcteristics

c. prohibit pathogens ;nd fecal streptococci from gevélpping

keep down background growth on the MF " o .

-
-

-

1'4. Which of the following descriptions is true of thé'Fecal Coliform medium by

the MF method? ’ e _ -

s

Ct Y an use is made of ethanol in prebaration; the température 1?.5 elevated;

red-hues ‘are typical.

©

' "is required. 9 -~

. ey

b. mso‘ﬁc acid is utilized; TTC is needed in p‘repéra'tion; body temperature

@ incubation under Jater is sequired; a temperature of 44.5 C is manditory;gp
coyntable colonies have blue colorations.

. % LI * -
d, sodium sulfite is in the formula; lactose is necessary in the formulation;
a 35 C temperatuce of jncubatidn is necessary. ° '

~

©

15. With regdrd to the*CONFIRMED ;|5ST by-the MPN procedure:

EMB or BGLB may be used; «a ‘temperature of 35 C is necessary; Toop or
inoculation stick" transfer may be used; confirmatory - tubed medium is -
ot held for 48 hours, if necessary. 7L ,

-

" be- m-END'O,medium is .necessary; gram]staining is r‘e‘quired; e]evated/temperatures

are necessary; sheen colonies are counted.

) c. .all tubes of the pre_shmptive'f:est are tr'ahsferred to this teét; EC medium -
? is the medium of chioice; IMViC-testing may be required; only positive gas
, formers are counted. ’ ,

-'d.  KF medium .’is necessary; 35.C is the temperature; broth or agar\°may be used;
éd hours is the incubation: time. : ' . !

, 191
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From the given NORD LIST, selects the choice which matches the statement on the left.
Note the correct response is given for the first statement.

A [ .
WORD LIST
16. Gram.Staining Reagent.......... A A. Crystal Violet 6§;\
’ B. Gram Postive organism
17. A general term denoting ' C. Gram Negative organism
disease drganisms ............. G D. BGLB.medium
E. EC medium .
18. " The medium most generally F. Escherichia coli
used for the confirmed test G. Pathogen
' by the MPN........... NNV D H. Cryogen
s I." Saphrophyte
19. A Coliform bacteria...... renes F J. Salmone}la -+
) .. ) K. MFC medium
20. A fecal coliform MPN medium.... E > L. "LES m-ENDO Medium
M. KF Agar medium
.21, The staining reaction for "N. Rosolic Acid dye
a ¢otiform bacteria.......... . C 0. Cryptococcus -
22. The MF medium for Fecal '
, co]ifbrms.,.' ................ .. K .
/ - N ” -
195
. . )
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" TIME REQUIRED: 1/2 hour i ; .

’

. . = L4
\J [
.

SUBJECT MATTER: Advance Preparat1ons for Day vaa Laboréy%ry .

WHEN ACCOMPLISHED: 1/2 hour* pripr to Day F1ve Laboratory
ACCOMPLISHED BY: Staff

PREPARATION REQUIRED

REMARKS

. Remove KF Agar p]ates from 1ncubator

nd place at eaeh position

Remove‘MFC plates frdém incubator and
Place at each position

Remove m-ENDO plates from incubator
anq p]ace at each position .. *

Have laboratory operational for | s
]

laboratory studies . . -

A\

3

43 hour_inéhbation

"

L
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. - GUIDELINES FOR | o
‘ INSTRUCTIONAL PACKAGE WORKSHEE] - '

I. _SUBJECT MATTER: ‘Laboratgry Briefing for Day Five
IL.
II1. ESTIMATED TIME: 10 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To give a briefing for
v th work to be accomplished during Day Five Laboratory. -

V. ENTRY LEVEL BEHAVIOR:

\d

UNIT ‘OF INSTRUCTION: Summary of Topic Presentation

. ~-
A, Having performed the previous laboratory assignments -
VI." INSTRUCTIONAL OBJECTIVE: | -

A. Terminal Behavior: The participant will be acquainted with the various
areas of instructional material covered in the training course manual
= - ‘ 3£d better be able to utilize them in an open book laboratory situation
ich immediately follows the briefing session. "

@ .. . . A .
B. Conditions: Instructional material as.covered in various parts of
course, training manual gnd as directed by verbal instructions.
'C. Accepted Performance; Utilization of assigned pages of course training
& _ manual in conjunction with notes taken during briefing sessions.
VII. INSTRUCTIONAL RESOURCES: | |
A. Available Media: ’ ~
IF\\Training Manual Outline:
v . . ‘
i Jutline . Section  Purpose |
Colony Counting on ‘Complete Provides particulars
Membrane Filters - ‘ on MF Colony counting
B. Suggested Media: :'
T 1. None .
VIII. INSTRUCTIONAL APPROACH: 4 I . g g

A.. Preparation for‘In%tructiéﬁZ]

1. No particular‘preparati n’ required.

B. Sequencing: ﬁ_

+ 1. .Colony Counting -'m-ENDO (tatal cé1iform)
2. Colony Counting - MFC (fecal. ¢oliform) >
- 3. Colony Counting - KF (fecal étreptococci) ' _ '
' I 195
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JIX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:
' A. Classroom Equipment and Supplies:
1. Blackboard and chalk . ° - - t .

2. Deﬁoﬁstration setup, if de;fred, of MFC and KF Aga;kp1ates. '
e o X. IPW REAGENT REQpI%S?ENIS |
A. None required. , ' . ' .
XI. DESCRIPTION OF VISUAL MA%ERIALS: -
A. None réquired.
”\ '
3 . | \ .
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Day Five Laborétory

~

" MF TEST PROCEDURE

Read and Record m-ENDO . \\\
plates (total coliform) -

Read afid Record MFC
plates (fecal 'coliform)

3nd Record KF Agar
ates (fecal streptacocci)

4 .




